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REPORT OF THE SECRETARY 
OF THE 


STATE BOARD OF AGRICULTURE 


East Lansine, Micu., July 1, 1921. 


To Hon. AuEx. J. GROESBECK, 
Governor of the State of Michigan: 


Str—I have the honor to submit to you herewith, as required by law, the 
accompanying report for the fiscal year ending June 30, 1921, with supple- 
mentary papers. 

Very respectfully, 
ADDISON M. BROWN, 
Secretary of the State Board of Agriculture. 


STATE BOARD OF AGRICULTURE 


Term expires. 


WILLIAM H. WALLACE, Saginaw.....:......1st Monday January, 1922 
CHAIRMAN OF THE BOARD. 
HOY WATHRBURY, Detroit......22......-: Ist Monday January, 1922 
TORN W. BEAUMONT, Detroit... .. 25... 22... Ist Monday January, 1924 
PASO WOODMAN. (Paw Paw). ..cc.:6.....4: Ist Monday January, 1924 
L. WHITNEY WATKINS, Manchester.........1st Monday January, 1926 
MRS. DORA STOCKMAN, Lansing........... lst Monday January, 1926 
THOMAS E. JOHNSON, Supt. or Pusiic INSTRUCTION......... Ex-Officio 
PRANK S. KEDZIN, PRESIDENT OF THE COLLEGE: ..........¢.': Ex-Officio 


ADDISON M. BROWN, East Lansing, Secretary. 
BENJAMIN F. DAVIS, Lansing, Treasurer. 


STANDING COMMITTEES 


AGRICULTURAL AND VETERINARY Divisions, L. W. Watkins, I. R. Waterbury 


ENGIN MERING DTVISION 0.26605 0.0002. 2. W. H. Wallace, J. W. Beaumont 
Home Economics Division.............. Mrs. Stockman, Jason Woodman 
SCEUNCE AND LETTERS, 2... 123. 02s.60. 5c J. W. Beaumont, W. H. Wallace 
EEUNETON TEVISION: « «2259. 2 >be. son Jason Woodman, Mrs. Stockman 
PERIMENT OPATION. ©. .(:.. 22... 6 eae ee I. R. Waterbury, L. W. Watkins 
BUDGET AND PMPLOYES...........5.42. 0: J. W. Beaumont, I. R. Waterbury 
PLEATS DIG RE es ye Jason Woodman, W. H. Wallace 


Fata DINGS AND PROPERTY.............2... L. W. Watkins, Mrs. Stockman 
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MICHIGAN AGRICULTURAL COLLEGE 


(Under Control of the State Board of Agriculture.) 


FACULTY AND OTHER OFFICERS 


FRANK S. Kepzin, D. Sc., President. 

Rozert S. Suaw, B. 8. A., Dean of Agriculture; Director of Experiment 
Station. 

GrorGE W. Bisse, M. E., Dean of Engineering. 

Frank W. CHAMBERLAIN, B.S., D. V. M., Acting Dean of Veterinary Science ; 
Professor of Anatomy. 

*Mary E. Epmonps, B. 8., Dean of Home Economics; Professor of House- 
hold Science. 

Mary E. Sweeny, M.8., M. A., Dean of Home Economics. 

Eupora H. Savaace, B. 8., Dean of Women. 

Wiuam J. Beau, Ph. D., D. Se., D. Agr., Professor of Botany, Emeritus. 

Wixzsur O. Heprick, M.38., Ph. D., Professor of Economics. 

Herman K. Vepper, C. E., Professor of Civil Engineering. 

Wa tter B. Barrows, B. 8., Professor of Zoology and Physiology; Curator 
of the General Museum. 

Rurus H. Pertir, B. 8. in Agr., Professor of Entomology. 

Appison M. Brown, A. B., Secretary of the College. 

Evipa YAKELEY, Registrar. 

ARTHUR R. SawyER, B. §., E. E., Professor of Electrical Engineering. 


Epwarp H. Ryper, M. A., M. Pd., Professor of History; Director of Summer 


School. 

ARTHUR J. CLARK, A. B., Professor of Chemistry. 

CHARLES W. Cuapman, A. B., B. 8., Professor of Physics. 

Warp Gittner, D. V. M., M.S8., Professor of Bacteriology and Hygiene. 

Wauter H. Frencu, M. Pd., M. 8., Professor of Agricultural Education; 
Director of Vocational Teacher Training. 

Ernst A. Brssry, Ph. D., Professor of Botany. 

WILu1amM W. Jounston, A. M., Professor of English Literature and Modern 
Languages. 


S!Louts C. Puant, Ph. B., M.S., Professor of Mathematics. 

= Merris M. McCoot, Ph. D., Professor of Soils. 

~+ ALFRED K. CHITTENDEN, M. na Professor of Forestry. 

.« Ropert K. StEwarp, B. §., C. ane Professor of Drawing and Design. 


> 


— Masor Puitip G. WRIGHTSON, M. S., Professor of Military Science and 
Tactics. 


= CHESTER L. Brewer, B. P. E., Director of Physical Training. 


CHARLES P. HALuican, B. a! Professor of Horticulture and Landscape 
Gardening. 

CHARLES H. Burasss, A. B., Professor of Poultry Husbandry. 

JosEepH F. Cox, B.S. in Agr., Professor of Farm Crops. 

Harry H. Mussetman, B. 8., Professor of Farm Mechanics. 

CryprE Reynotps, M. D., Director of Health Service. 
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Howarp M. Entot, M. A., Professor of Farm Management. 

Ouiver E. Rreep, M.S8., Professor of Dairy Husbandry. 

Hitpa Faust, B. A., Professor of Household Science. 

GrorGE A. Brown, B.8., Professor of Animal Husbandry. 

Henry B. Dirks, B. C., M. E., Professor of Mechanical Engineering. 

WINIFRED 8S. GrertemMy, Professor of Household Art. 

JOHN 8. Taytor, Director of Music. 

CuacE NEwMan, Associate Professor of Drawing and Design. 

*FRANK H. Sanrorp, M. F., Associate Professor of Forestry. 

RICHARD DEZEEvw, Ph. D., Associate Professor of Botany. 

Luoyp C. Emmons, M. A., Associate Professor of Mathematics. 

GrorGE H. Coons, A. M., Ph. D., Associate Professor of Botany in charge 
of Plant Pathology. 

Rawpu C. Huston, Ph. D., Associate Professor of Chemistry. 

Joun P. Hutton, D. V. M., Associate Professor of Surgery. 

Exam T. Hatiman, D. V. M., Associate Professor of Animal Pathol: gy. 

LawReENcE N. Frezp, B. M. E., Associate Professor of Drawing and Design. 

Harry 8. Reep, B.8., Associate Professor of Chemistry. 

E. SyLvESTER Kina, Associate Professor of Public Speaking. 

CHARLES E. Miuuar, M.8., Associate Professor of Soils. 

WiuiraM E. Laycock, A. B., Associate Professor of Physics. 

Merton M. Cory, B.S., E. E., Associate Professor of Electrical Engineering. 

CHARLES 8. DunForp, M. A., Associate Professor of Economics. 

BENJAMIN B. RosEsoom, B. 8., Associate Professor of Physiology. 

Bruce E. Harrsucnu, A. B., Associate Professor of Chemistry. 

Hae TENNANT, B. A., Associate Professor of Economics. 

Oztas T. Goopwin, B.8., Associate Professor of Dairy Husbandry. 

ELIzABETH J. FRAzER, B. 8., Associate Professor of Home Economics Edu- 
cation. 

CueEsTER L. ALLEN, B. S., M. A., C. E., Associate Professor of Civil Ergi- 
neering. 

Anna E. Bayua, B. A., Associate Professor of Household Art. 

ALLEN C. Concmr, M, A., Associate Professor of Zoology. 

FREDERICK W. Fasran, B. 8., Associate Professor of Bacteriology. 

Leroy 8. Foutz, M. E., Associate Professor of Electrical Engineering. 

HELEN Goopricu, B. A., Associate Professor of Household Art. 

Evisau L. Grover, B. §., Associate Professor of Agricultural Education; — 
Critic Teacher in Agriculture. 

Roy E. Marsuatu, M. A., Associate Professor of Horticulture. 

ARNOLD G. SCHEELE, A. M., Associate Professor of Drawing and Design. 

Joun E. Burnett, B. 8., Associate Professor of Dairy Husbandry. 

Tuomas Gunson, Assistant Professor of Horticulture and Superintendent 
of Grounds. 

Guy G. Sperker, M. A., Assistant Professor of Mathematics. 

CLaupDE M. Caps, B.S8., C. E., Assistant Professor of Civil Engineerirg. 

Ren G. Saxton, C. E., Assistant Professor of Civil Engineering. 

Dwicut T. Ewi1nc, M.S., Assistant Professor of Chemistry. 

Henry T. Daruinaton, M.S., Assistant Professor of Botany. 

Epwarp F. Woopcocr, M. A., Ph. D., Assistant Professor of Botany. 

Water E. Revuwina, B.S. in M. E., Assistant Professor of Mechanical En- 
gineering. 

Howarp E. Jounson, D. V. M., Assistant Professor of Comparative Anatomy. 

JoHN W. Srewart, B. M. E., Assistant Professor of Drawing and Design. 
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CurivE R. Meces, B.8., A. M., Assistant Professor of Farm Crops. 

SranLey E. Crowe, A. B., Assistant Professor of Mathematics. 

RussEvL A. RuNNELLS, D. V. M., Assistant Professor of Animal Pathology. 

*PauL G. ANDRES, B. S., Assistant Professor of Electrical Engineering. 

Rosert E. Lores, B. 8., Assistant Professor of Horticulture. 

Norma L. Rosresoom, A. B., Assistant Professor of English. 

Mary A. W. Henprick, A. B., Assistant Professor of History and Political 
Science. 

Eucenta I. McDaniet, A. B., Assistant Professor of Entomology. 

Ourver A. Taytor, D. V. M., Assistant Professor of Veterinary Medicine 
and Pharmacology. 

WarrEN W. Hitcucock, B.8., C. E., Assistant Professor of Civil Engineering. 

Burt K. Puitp, C. E., Assistant Professor of Civil Engineering. 

Louise I. CLemens, B. 8., Assistant Professor of Household Science. 

Henry L. Pustow, B.38., Assistant Professor of Chemistry. 

Artuur L. Bippins, B. S., Assistant Professor of Farm Crops. 

Leo C. Huaues, A. M., Assistant Professor of English. 

Perry 8. BrunpaGe, B.§., Assistant Professor of Chemistry. 

Ray B. Weaver, M. A., Assistant Professor of English. 

*GRACE S. FrEAR, B.S., Assistant Professor of Household Art. 

Omar M. LeseEt, Ph. B., Assistant Professor of English. 

°HENRIK J. StaFsETH, B.S8., D. V. M., Assistant Professor of Bacteriology. 

I. Forrest Huppieson, M.58., Assistant Professor of Bacteriology. 

OsEE Huaugs, B. A., Assistant Professor of Household Science. 

Epwin Morrison, M.8., Assistant Professor of Physics. 

Wauuacre L. CHANDLER, Ph. D., Assistant Professor of Entomology. 

CECILE VAN STEENBURG, B.S., Assistant Professor of Household Art. 

Epmunp C. Sauvve, B.S8., Assistant Professor of Farm Mechanics. 

VERNON G. Grove, A. M., Assistant Professor of Mathematics. 

Epwarp K. Sass, D. V. M., Assistant Professor of Surgery and Clinic. 

Captain JOSEPH J. TETER, Assistant Professor of Military Science. 

WituraM FE. J. Epwarps, B.S. A., Assistant Professor of Animal Hehe oe le 

Puiturp L. BuTTrick, Assistant Professor of For estry. 

LAWRENCE C. WHEETING, M.58., Assistant Professor of Soils. 

CLAUDE L. Brartin, B. M. de Assistant Professor of Drawing and Design. 

Pau. R. Bress, A. B., Assistant Professor of Public Speaking. 

Homer E. DENNIsSON, B.5., Assistant Professor of Dairy Production. 

Fioyp E. Foa es, B. 8. in Agr., Assistant Professor of Farm Mechanics. 

Van W. HeEwtett, Jr., B.5., Assistant Professor of Mechanical Engineering. 

CarRo.uinE L. Hout, Assistant Professor of Drawing and Design. 

VERNE E. LeRoy, A. B., M.58., Assistant Professor of Zoology. 

Water L. Matiman, B.S., Assistant Professor of Bacteriology. 

Caru E. NEWLANDER, B.5., Assistant Professor of Dairy Manufactures. 

Newton L. Partridge, Ph D., Assistant Professor of Horticulture. 

May Person, A. B., Assistant Professor of Household Science. 

GopFreyY L. A. RuEHLE, M.8., Assistant Professor of Bacteriology. 

Frank A. Spracec, M.58., Assistant Professor of Farm Crops. 

Eare H. Stewart, B.S. in M. E., Assistant Professor of Drawing and De- 
sign. 

Tuomas O. Watton, A. B., Assistant Professor of Mathematics. 

GrorceE C. Wricut, B. 8. in M. E., Assistant Professor of Mechanical Fn- 
gineering. 

FRANK E. Woop, Ph. D., Assistant Professor of Mathematics, 
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Branson A. WALPOLE, Assistant Professor of Education; Critic Teacher in 
Agriculture. 


INSTRUCTORS AND OTHERS 


The names of instructors whose resignations took effect between June 30th 
and September Ist, 1920, to not appear below. 


Dewey A. Seexey, M. A., Instructor in Meteorology. 
Bertua E. THompson, M. A., Instructor in Botany. 

Louis B. Mayng, A. B., Instructor in English. 

JosEPH W. Stack, M.S., Instructor in Zoology. 

CHARLES D. Batu, Jr., B. 8., Instructor in Chemistry. 
STANARD G. Beraaquist, A. B., Instructor in Zoology. 

Harry C. Youne, M.S8., Instructor in Botany. 

GrorcE J. Postuumus, Instructor in Pattern Shop. 
FLORENCE A. StTouu, B. 8., Instructor in Household Art. 
BENJAMIN F’. Kinpia, Instructor in Apiculture; State Bee Inspector. 
RussEtu H. Ketry, B. 8., Instructor in Entomology. 

Myron B. Cuapin, Ph. B., Instructor in Drawing and Design. 
*Rutu M. Ketuioac, B. 8., Instructor in Household Science. 
°J. Ropert Duncan, Instructor in Farm Crops. 

Howarp D. Licgursopy, M. 8., Instructor in Chemistry. 
SeratT. CHarLes H. Rosinson, Instructor in Military Science and Tactics. 
HERMAN C. Lanes, A. B., Instructor in Chemistry. 

Epwarp F. E.pripae, B. 8., Instructor in Chemistry. 

Epitu Butter, Instructor in Drawing and Design. 

Justus E. Risine, M. E., Instructor in Drawing and Design. 
§,ANDREW Watt, Instructor in Forge Shop. 

Watrer L. Watt, Instructor in Machine Shop Practice. 
CaRLYLE W. BENNETT, M.5., Instructor in Botany. 

CrciL W. Simpson, B. 8., Instructor in Soils. 

HELEN D. Grimgs, Instructor in Physical Training. 

ALBERT H. Netson, A. M., Instructor in English 

LEVETTE J. Davipson, A. M., Instructor in English. 

Lyman L. Frrmopia, B. S., Instructor in Physical Training. 
Minerva Fouts, Ph. B., Instructor in Household Art. 
Dante L. SHAFER, Instructor in Farm Mechanics. 

EruHe. Tart, B.8., Instructor in Household Art. 

Hintpa M. KELiner, Instructor in Cheesemaking. 

Oscar W. Farrpanks, B. S., Instructor in Drawing and Design. 
Davip T. Mituarp, Instructor in Pattern Making. 

CHARLES T. Bumer, B. S., Instructor in Mathematics. 
Wiuson E. Newton, B. S., Instructor in Poultry Husbandry. 
ARTHUR N. Smitu, Instructor in Physical Training. 
*RAYMOND L. Baxter, B. S., Instructor in Chemistry. 
EvGENE B. But er, B. 8., Instructor in Physics. 

CHARLES FE. Cormany, M. S. in Agr., Instructor in Farm Crops. 
JAMES DeEvERs, Instructor in Physical Training. 

EvuGcEngE E. Down, B. 8., Instructor in Farm Crops. 

GrEoRGE A. GARRATT, B. 8., ‘Instructor in Forestry. 

Louis G. GrentTNER, M. S., Instructor in Entomology. 

Jay F. Gipss, B. S., Instructor in Civil Engineering. 
FLetcHEr A. Goutp, B. 8., Instructor in Civil Engineering. 
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Guy S. Green, A. B., Instructor in English. 

Joun G. HEPPINSTALL, Instructor in Physical Training. 

Rurus P. Hipparp, Ph. D., Instructor in Botany. 

Epwarp E. Kinney, B. 8., Instructor in Electrical Engineering. 

Haroup M. Kress, B. 8., Instructor in Chemistry. 

Denton C. Limpauau, A. B., Instructor in English. 

Jesse M. MacCornack, Instructor in Physical Training. 

Cuirrorp N. Rrx, Instructor in Mechanical Engineering. 

James E. Ropertson, B. 8., C. E., Instructor in Drawing and Design. 

Avis L. Spracus, B.8., Instructor in Foods—Home Economics. 

Wivpur H. Turks, B. 8., Instructor in Physics. 

Joun H. Waker, A. B., Instructor in Chemistry. 

Bert SanastTErR, Instructor in Mechanical Engineering. 

Raupu D. Wyckorr, B. 8., Instructor in Electrical Engineering. 

Wirorp C. Lewis, M. S§., Instructor in Chemistry. 

Watpo H. Lyons, A. M., Instructor in Mathematics. 

STANLEY JOHNSTON, B.S8., Instructor in Horticulture. 

GrEorGE W. Putna, Instructor in Farm Crops. 

Linpa E. Lanpon, Librarian. 

Lory F. NEWELL, Operating Engineer. 

BENJAMIN A. Faunce, Clerk to President. 

Epwyn A. Bown, College Architect. 

ANDREW P. KRENTEL, Foreman of the Pattern Shop. 

JACOB SCHEPERS, Cashier. 

Raupu 8. Hupson, B. 8., Farm Foreman. 

Mavup A. Mzecu, Chief Clerk to Secretary. 

EpWARD C. CRAWFORD, Shop Engineer. 

EvizABeTH M. Pat, B. S., Assistant Librarian. 

BLANCHE A. BIRCHARD, Secretary to President. 

Berrua A. Houuister, B. A., State Seed Analyst. 

Jacos A. E1cHer, Foreman of Foundry. 

AnNA L. FERLE, Assistant Registrar. 

JESSE J. HENpDRYx, Nursery Foreman. 

Nancy L. Eastman, In charge of College Residence. 

Cxiara Hunt, Director Womens’ Dormitories. 

Ropert Mackie, Herdsman. 

NELLIE M. CaMpBELL, Bookkeeper. 

Cuirrorp W. McKissin, M.S., M. F., Alumni Recorder. 

AsHLEY M. Brerripce, B. 8., Director of Short Courses. 

SALLIE Katz, In charge of Waterbury House. 

MILprRED OsBAnpD, In charge of Senior House. 

Frances Murpock, In charge of College Cottage. 

WILLARD N. SwEENEY, Purchasing Agent. 

CAROLINE 8. LEWERENZ, In charge of Abbot Hall. 

Emity P. Jones, In charge of Howard Terrace. 

CiypE W. Srraicut, Farm Crops Foreman. 

Raupeu M. Harrorp, College Photographer. 

Ernest V. Hartman, B. A., Secretary of Y. M. C. A., In charge of Employ- 
ment Bureau. 

Wiui1aM Wise, Poultryman. 

S. ExizaBetH Morrison, B. 8., Laboratory Assistant and Clerk. 

Dante A. SHAFER, Laboratory Foreman. 

May E. Fotery, B.5S., Assistant Alumni Recorder. 
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Emer B. Hint, B.8., Superintendent of Official Testing. 
Puiuip J. Baker, B. §., Metallurgical Engineer. 

GEORGE CuaARK, Football and Baseball Coach. 

Cora Fretpcamp, B.§., Reference Librarian. 

JOSEPHINE R. Hart, B. 8., Critic Teacher in Home Economics. 
JAMES B. Hassetman, A. B., Publicity Agent. 

Norman O. WEIL, B. 8., College Field Agent. 

Earu A. HArLow, Storekeeper. 

Hueu B. Smirtu, B.S8., Grad. Assistant in Farm Crops. 
Rosert L. Tween, B.8., Grad. Assistant in Bacteriology. 
LioneEL E. Tispae, B. 8., Grad. Assistant in Botany. 

J. Lyauu L. Frank, B.8., Grad. Assistant in Entomology. 
Orro FRIEDMAN, B.S8., Grad. Assistant in Bacteriology. 
Witrrep D. Mitts, B. §., Grad. Assistant in Botany. 


EXPERIMENT STATION 
Advisory and Assistant Staff 


ANDREW J. PaTren, B.S., Chemist. 

L. Zam Wyant, A. M., M. H. E., Research Associate in Bacteriology. 

CHARLES 8. Ropinson, Ph. D., Research Associate in Chemistry. 

Orrin B. Winter, B. A., Research Associate in Chemistry. 

GrorGE J. Bouroucos, Ph. D., Research Associate in Soils. 

Lestiz M. Coouepas, M. A., Research Associate in Bacteriology. 

I. Forrest Huppieson, M.S8., Research Associate in Bacteriology. 

Grorce M. Grantuam, B. 8., (14% time. Balance Extension), Research 
Associate in Soils. 

Ezra Levin, M. S., (1% time. Balance Extension), Research Associate in 
Soils. 

CHARLES H. Spurway, B.S. in Agr., Research Associate in Soils. 

Raymonp NEtson, B. 8., Research Assistant in Plant Pathology. 

Ropert M. Snyper, Ph. D., Research Assistant in Bacteriology. 

JouNn E. Koriua, B.S., Research Assistant in Plant Physiology. 

STANLEY J. BROWNELL, Research Assistant in Dairying. 

Water C. Dutton, B.8., Assistant in Horticulture. 

Frep T. RippE tu, B. 8., Assistant in Dairying. 

Exroy J. Miuuter, M.S8., Assistant in Chemistry. 

Marion L. GRETTENBERGER, B. 8., Assistant in Chemistry. 

Percy O’Meara, B.8., Assistant in Chemistry. 

WiuuraM J. Kurz, B. 8., Assistant in Dairying. 

ArTHUR Howland, Assistant in Dairying. 

Duane Rainey, B. 8., (4 time only. Balance Extension), Assistant in 
Farm Crops. 

SELMA BanpiM_ER, B. S., Assistant in Chemistry. 

*Caru F. Barnum, B.S8., Chief Inspector of Feeds and Fertilizers. 

Ezra A. Heparp, Inspector of Feeds and Fertilizers. 

Avuaust H. Trsxs, Inspector of Feeds and Fertilizers. 

H. Donatp Hoorman, B. 8., Superintendent of Graham Horticultural Ex- 
periment Station. 

D. L. McMuuan, Superintendent of Upper Peninsula Experiment Station. 

Myra V. Bogus, Bulletin Clerk. 


°Absent on leave. 
{Deceased March 14, 1921. 


AGRICULTURAL EXPERIMENT STATION 
OF THE 
MICHIGAN AGRICULTURAL COLLEGE 


(Under the control of the State Board of Agriculture.) 
STATION COUNCIL 


FRANK 8. Kepziz, M.S8., D. Sc., President Ex-Officio. 
Rosert 8S. SHaw, B.S. A., Director. 

Warp Gittner, D. V. M., M.S., Bacteriologist. 
CHARLES P. Hauuican, B. 8., Horticulturist. 
ALFRED K. CHITTENDEN, M. F., Forester. 

OLivER E. Rreep, M.8., Dairy Husbandry. 

Rurus H. Perri, B. 8. A., Entomologist. 

Exam T. Hautman, D. V. M., Animal Pathologist. 
Howarp M. Eniot, M. A., Farm Management. 

A. J. Patten, B. 8., Chemist. 

Ernst A. Bessey, Ph. D., Botanist. 

Merris M. McCoot, Ph. D., Soil Physicist. 
JosEpPH F. Cox, B.S., Farm Crops. 

GrorGcE A. Brown, B.8., Animal Husbandman. 
Harry H. Mussetman, B.8., Farm Mechanics. 
CHARLES H. Burasss, A. B., Poultry Husbandman. 
Appison M. Brown, B. A., Secretary. 


COOPERATIVE EXTENSION WORK IN AGRICULTURE 
AND HOME ECONOMICS 


ADMINISTRATIVE OFFICE 


Fropert, James Baldwin, B.S) of... 0.5.6.0) s. Director of Extension Work. 
Peete IMG Monel By Oy cei. bs es aioe. eee wh ane Assistant to Director. 
EXTENSION SPECIALISTS 
aemeee es oodetlacsenmanm: Au bates 2 ose eRe ee Me Publicity. 
eee Tema Vea OL EOI Sta. eyes: oe ee eae hl k's Peay Oe lud pia Dairying. 
12 / EDT LAWRIE GT OSG 8 gM a ee a Sheep Husbandry. 
AL Tp LAST) a] ov gS BE Ets ele A hel Ml le a ad oe Farm Crops. 
Carne PEN AMeT Oh ye he ele NN el a tee Farm Crops. 


Perce ivainey mini Aiwa eee awe Sh Pea ben Farm Crops. 
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*Clarence Wilham Waid: B.Se2.45 ane. 2 ase oe Potatoes and Vegetables. 
Henry Ci Woon: Bie ss bai ee eae eee Ass’t Potatoes and Vegetables. 
nese avis Means Bs) 3. (eee aie eR et en Ay Aare es Rea ae Insect Pests. 
Ue yest UVM 2s creak tae es RO aad 3 ont Ane ta ee Apiculture. 
Orsel dwar Robey, (Bb: Shee eee eee ee ee ee Drainage. 
(George. M. Grantham: 55 5¢m ty. eat tse ee eee Cee ee Soils 
ZED Me Vitis AVL 8s Ae Per ahs 2 aoe ee 6. Ne Ge eer be Soils 
SHerHese .MOTEMAI, AEs a inet hae eee 2 ce es Poultry Husbandry 
Hale Tennant, Buss. we. 25>. 5 Bre Schon pias oe tens Agent in Marketing. 
Gittord Patel, Bos tsi. . avniaey: Joe Skekeeion oe ene Ass’t in Marketing. 
WallardiG: Criblig.ce oF 20 s30.5 0% Dah AU oes ee oe aa ae Ass’t in Marketing. 
Louise TH. Campbell, B.S... 2. As 2: State Leader, Home Economics. 
Mans; Vaolasomigh, ses 2 Ms fais Won ees Home Management. 
*Coral Ruth Havens...... AS) Ga, 2 eared er Household Science. 
BICLeMCATIGS Mey cc les| ie adisecis Laie Meiteaan eae a en ees Household Art. 
COUNTY AGRICULTURAL AGENTS 
PAdined entails 6) 2 sls tock.) Wo Ree ene ete oe eee Cue eRe Allegan. 
Chris Peter Johnson, B.S......... a CREA Be BARS Ree etc At AT Alger. 
Wivde®: Tewseheet7: 5: S 2.2 clea HA Oe ee eee tes a Alpena. 
eon Th. Drake B85 2.5.20 as ini eee ee ee ee Antrim. 
ikester Vance Benjamin: B.-Sx..0%..1) 02 Gee eee eee Baraga. 
irank W Bennetts so. c5 32g). te bn Space ee ee ee ee Barry. 
Glande Tawrence Nash, B.S. . occ. ss 2s eee ee Branch. 
James ews Kraker 18.'S.. 2 gon. oct. oe eee eee Benzie. 
Pe tGesamanton, B. Ay, M. OS 3c 2e sen Aen eo ea eee Berrien. 
Paul Clark gamiesou, By Ss .0o ic ocos hee tae’ fase Calhoun. 
Clit Waldron Wine. i052): ...eie ee oon 2), i eee ee Charlevoix. 
wil eo Hamme, BoS.- ..... ob csagiiec ee tenes eee Chippewa. 
Won B: Jewell AB. 8... biurs  SE RS, € ee le eee Cheboygan. 
Howard Victor Kittle, BOS... 02. 3) 29: eee Meccan RS RN Clinton. 
Benjamin-Purdy Pattison, 3S .25 2-5 2. Oe eee eee Delta. 
her arold Miller, Boss. oe. atte Ss ee ea oe ee Dickinson. 
oysltibert, Decker: By Si.1... Pees Foes oe eens eee Eaton. 
Keafe endall Vining, Bast foe aes one oc acsichs ac he Re eae ee Emmet. 
midneyssampel:Smith, B.S: ty ss <6 er ee ee ee Genesee. 
Charles Hdwin Atwater, BS. yooh « wv obit ee ee re ae ee Gladwin. 
Sarl #idwin' Gunderson, Bad: yisncat)<) hae ate ne eee Gogebic. 
Jona WVilson Sims BOS. Oo ss ee en ee eee oe ee ee Hillsdale. 
meow Geismar, 2853) oo. ee ee ae ie Houghton: 
James Canipbell; Basi 4. Se 2a eee eee Huron. 
Wetdova: Manby, 3508s succes os ea eee eee cee eee eee Tron. 
Gluten Vede Ballard: BoiS¢ . .) o5) seo bee tee ee ae Jackson. 
fralpa-Leshe Olds, BS. .0 i... oe oR eee eee Kalamazoo. 
allie incene syne eee eed ee ne ek a ee Kalkaska. 
roswell (Gubert Cam tb Oi oe ee ee A nee Kent. 
pianleyarearick Wellman, 3.80: 4754.8) ee oe eee eee Lapeer. 
Wicter Carlton Vaurhan, WB 35\ 20) sb esas nee sides ee ce eee ee Leelanau. 
rata) A Caritas fess ob oc. Lc cea ieee 2 beet ce eee eee Lenawee. 
Hires LPT ise ce, 8. ok Cost uct wombat eel tenn ae ae aaa Livingston. 
ELOY, SA AET AC AINETON, Ms. IS 585 secs Se Ak ee ik ee oe a Luce. 


ois sP a] Beats 1B abs nes. ods bie Sateen Se ce hoe bbe ee ee ee ee Mason. 
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UCL LS STUN 8 2 SS eS ae Manistee. 
MIMI EERE deta ogee are 25 oe See dc cles ove ebb dees Macomb. 
reer Ie ene An Re Ne a loa Sa ake Marquette. 
Oo. JL OG TIAS SET er 0 BN0S RDA ARSED OA a a ae a a Montcalm. 
TURD LATISLE 2 000] 5 She Jee oe een Menominee. 
Bement Ee MMOs oot te eG ae Ae add eee cena s Monroe. 
To: LESTECT SAW FOL SVT a fine ate Re ee Pe Midland. 
Petre Gliese reyes 5 dels ae neti es eB. leks YER Missaukee. 
OC LTTRE SY d Doan VG AIS 017 ne ag a cn a Mecosta. 
oe CELL te 3 Fel BES a ae Muskegon. 
Perertree Ieee. ie Mra oe Me a oor eh wc Saws Newaygo. 
Beecige heb iCKLOrd, Ey. Os, ls bOrt< 14 ac S52 dose on boa De ge we Oceana. 
funaniwrraward. MeCarthy, B.S. 2... bec ee ad pede nes eee eee Ogemaw. 
Miraties Henjanin Cook, Bs Oe. b3. 222 olen es eas cals bees cw ean: Oakland. 
Pere ese HNEOTE ATV GIG5 bss Si) oe totus ee a on c edie oe tegen oe Otsego. 
Phiniom-Lomeroy Villhama BS... 2... Sees eck ee ee So eee ae Ottawa. 
POW ARO OAMMEE IAPOWER, Sora. 46 gl) cca Bo oo Asso eile. oc ee vere x's Presque Isle. 
PPA ii Gxt eilin eC Ee ec ey coos Mees ow bok on ite ok Sav ee eho Saginaw. 
PReLRT ME SIV EMEL el EN re are hes | PO teed es NHL. 5 bruce we See Sanilac. 
EET Eyelid Bige's's| (ey 8 es a An a Schoolcraft. 
(iL LM ad Saeco De St. Clair 
tle MERIT EOS LSC pi a ee ee ee eee Shiawassee. 
Sear A OHITEET HC HINGe IS.) 6ie 2, 264, Si. f haee a wy Oa SR OA ee eae St. Joseph. 
PRE gant VA VIUGlE me. cA x he seh ely boas ood ok Buta eae Bd Tuscola. 
Rite) anewricarehe. i> osha She's shies s Sect ke ne ce ee eee Van Buren. 
Dire steer Remy 2) Ft oh feiss cr Ok oe Ele Pan aes be Sa Wayne. 
Piilliam PrederiekaJonnaton, BS... 2... ocean ee ck ss cance Wexford. 
PDO L TENG 409 31 (2 fd Sots a ae ae ee i ee Washtenaw. 
HOME DEMONSTRATION AGENTS 
Peele sellereopts bs oe. cA eae so ck ooo cee ed Ass’t State Leader. 
Bernice Jennie Woodworth, BoB .2.. c.6 cad oldie cd ehh be eb eee Ss Allegan. 
Pie lene OIMIMOIAME TALC IS. Oi..0 oes ak ee dk ds ee eee Chippewa. 
Petenpiirey lic UCL SM eee A Al Es chee Nel ac 6 6s isan e hee oc Solas BE Delta. 
Prerony Eiki mimMe@nsone st. oo. yl ee ak aes worn deg asc hues Dales Dickinson. 
Mioratumsia Welllnmmney. 2 of e5. ¢.. one seis ine cance den ee Dos Houghton. 
EUSP TPGUINE COE IRR sR NING eas oe RI Ogee ge es SPY. aE Kalamazoo. 
LOAD, CORTE re Baas hs) A Pe Sane ee RC a nen Se (ORAEE wee eae Oakland. 
Peeee PE IneCn ws ieay wie ate) ey ss Me we er ee ee, oy Manistee, 
Marion H. Rogers, B.S..... ee RE re A eee bara) (ics 2 ohm Ste Sts Wayne, 
BOYS’ AND GIRLS’ CLUB WORK 
LVL? VALENS OTe 72Y GR) BRS ga Re a State Club Leader. 
Piittanr AW Anderson;\B-Se . 25.0006 60. saa 0) Ass’t State Club Leader. 
iBanara. Van HMewmleng 6. Sine oss oq oct pens bee Ass’t State Club Leader. 
Ragas hachob yyy 9s os fee laa de los Rela as Ass’t State Club Leader. 
~L/EETE TS ie) pal 2 TT Fra tone te ge ee NO es De Ass’t State Club Leader. 


mene Gerdid: Ketinnen; B.Sc 06 2.4: sce een ules Ass’t State Club Leader. 
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COUNTY CLUB ILEADERS 


Wave duoreneyOspGgens.”: so... Sate eh ee eon ne ee Dearne Branch. 
Charles Hinnest Ackley.) 0 tek tot oe ot nh Pelee rR ee aa Calhoun. 
Amite pOsnile vESATIKS te ee ck Le artes cia ie Ue We aie eee eta heed Cheboygan. 
Ean WW Mieco; PERT MoS ce ta ce ae ee ace iy Aer a ae Eaton. 
else. I OstOGk SMG IM one he ears ect ek ccna Ae epee ts Genesee. 
eyalel Perum, pcs 5. OE RM Wiehe oS Rae WES Cp! cg he Aa oe See ae Gladwin. 
Vesey West del terete. 5 ce oes cco eects LU ake athe en ee Iron. 
ia onie Mix. PAAC ets ost essine ls J tok sie ete he ae: Seale ee ae Lenawee. 
narold) Cantiel@ es: yaoi fo 1 TaN ihe See Oe cee ee ea ne Macomb. 
Ast nur Lawrence brane: Ts Oos <j... a1 8 cee es ee te ee ae Saginaw. 
ety WOLte: Hagerman 6 359..¢ 8. 5.20 esos eee ae ee Washtenaw. 
Glen Onandaptewart, Bs) Sicf5 6.28.8 oe ate Os he ne ae Wayne. 


* Resigned. 
° Absent on leave. 


July 
July 


June 30, 1921. 


June 30, 1921. By Disbursements 


June 30, 1921. 


June 30, 1921. By cash on hand 
June 30, 1921. By cash on deposit overdrawn 


ACCOUNT OF THE 
THE MICHIGAN AGRICULTURAL COLLEGE 


FOR THE YEAR ENDING JUNE 30, 1922. 


SECRETARY’S FINANCIAL REPORT. 


1, 1920. Cash on hand 
1, 1920. Cash on Deposit College Treasurer 


From State Treasurer.............. 
From United States Treasurer....... 
From Institution and other Sources. . 


Special Appropriations 
Peperiment Stapon: 5.) 2 cacao eee ae 
EIKCCHUSLOM tare ai niiaci icon aan tt oe 


From State Treas., land grant int.... 
Fron State Treas., one-fifth mill tax. 
(a) $935,000 00 
(b) 150,000 00 
(c) 287,013 29 

From United States Treasurer, Mor- 
TUNING aaa ee ee | ee ike 
From institution and other Sources 


By general account disbursements 


(a) Mill tax. 

(b) Unexpended July 1, 1920. 

(c) Appropriation for extension, $90,000.00. 
(c) Appropriation for Experiment Station, $197,013.29. 


3 


178,172 
43 ,582 


266 039 
2411145 


70,685 
797 ,986 


50,000 
388 , 884 


To Special appropriation receipts................. 
$296 ,938 


27 
80 
41 


Moyeurrent account TecelptSenm. .). 2 Se seer eee 


$11,039 63 
52,993 35 
518,693 48 


Be lepowskatel suedoley eave ararstets iveoey ct te a pear ore aren toledo ats $560,077 53 


1,307 ,556 60 


Plot 5 CAICIeIERE Cloke Ska pyrera ike eS Ege ear 1,339,873 84 
afte -hlt a) Tae eel el oooh a oenel ete pINe cistedte wach See te 12,199 86 


21,868 17 
$1,912,151 23 $1,912,151 23 
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TABLE No. 3.—William Smith Sayer Scholarship Fund. 


Year Balance 
ending | Income. a nee ® Amount.| including 
June 30. 2) principal. 
1910 $3225) | AS MieNitties asm ae $19 75 $512 20 
1911 37 50 ny patra cer eats 550 00 
+ Ke Bishers 45 6 25 00 
1912 12"50 era D. Wright... |. 25 00 } 515 50 
$500.00 received of F. F. Sayer, ad- 1913 25 00 | D. Francisco....... 25 00 615 35 
ministrator of the estate of Wil- 1914 244851: Wie Wailie mins. 25 00 512 20 
liam Smith Sayer, to establish 1915 24°85.)| do. DryBakers. > nese 25 00 512 20 
scholarship in bacteriology....... 1916 25400), J-eMie Mazelancr ee 25 00 512 20 
1917 25 00 | Elsa Scheuren...... 25 00 512 20 
1918 25 00 Gf gait eee sherpa ere 537 20 
wyn Younker...| 25 00 
1919 | 25 00 (Binet Hopphan.,..| 25 00 } 512 20 
1920 25 00 | Esther Severance...| 25 00 512 20 
(|. 1921 37 50 | Thelma Forter..... 25 00 524 70 
OCR tec ra uienscere eciete an in abr aey a rei een Cee ey Rie Sing ol city acto ae cue $294 75 
TABLE No. 4.—Geo. E. Lawson Memorial Prize. 
Year Balance 
7 : Income Z : 
FUND. ending | Income. v Amount.| including 
June 30. expended to principal. 
i 
$500.00 received of John W. Beau- } 1917 $25 00 | I. B. McMurtry...-| $25 00 $500 00 
mont, in memory of Geo. E. Law- 1918 12) 50") HACE Diehl Se 2. 25 00 487 50 
son to offer annual cash prize for 1919 25 00 | Stanley Powell..... 25 00 487 50 
the best essay in English produced 1920 25 00 | Fred F. Henshaw...| 25 00 487 50 
DYMMAIE SHUGENE.. 0s oc ticeeten creer J 1921 25 00 | Herman E. Segelin,.| 25 00 512 50 
Mntalset do head att nk i SIS sSDmL ok he vaeee ee Bee $125 00 | 
TABLE No. 5.—Geo. L. Allen Scholarship. 
Year Balance 
ending | Income. as eae to Amount.| including 
June 30. a principal. 
$1,000.00 received of Amanda A. | 
Ransom to be used in assisting the ets SSO GGe > Cols cee rane Ree ae 0a8 38 
poor and deserving young men in 1921 75 iil Menconeak ae Teens Varian san en © 1/161 38 
obtaining their education........ j : aah eae ie enna Ah aah et\peg as oe , 
MOCO cea ctaye unm leone eos eine Late aie $125 00 
TABLE No. 6.—Marilla Griswold Scholarship. 
Year Balance 
ending | Income. AS Income > Amount.| including 
June 30. nae ‘ principal. 
$2,000.CO received of Orion S. Cross, | 
executor of the estate of Marilla 
Griswold, the income of the same 
to be used under the direction of 1926).5 | SULOMOOD eiere sare chose eke eee $13 83 | $2,096 17 
the State Board of Agriculture to 1921 WLOOOM Weer t2n tora ners eas he sch |e sgeeeeecae 2,206 17 
help needy students. Preference 
being given to those from Allegan 
County. | 
Totals Ge ae he A ee eel lecaie eens S220) OOM, easton ccnocoatiee stien: $13 83 
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TABLE No. 7.—Current Account July 1, 1920 to June 30, 1921. 
Dr. Cr. 
. To disburse- By 
ments. receipts. 

U. S. Treasurer 31st annual payment under act of congress of 

PANTS UIs Gael ss (De een Mee en NR IRC eR Fe Pedr yee: Foysye Eseqtne ratiareca 1a E1ci e dl hic os dua fei ataeal Srever a ait $50,000 00 
State Treasurer, one-fifth mill fund......... Mey rie ON etcee Aas Seen | CCN ee Rea 797 ,986 71 
State Treasurer, interest on proceeds of sale of U.S. land grant..|................ 70,685 37 
AEMICUIUULa ME CUCHbON res cea beacons Gu wag ee BE eke $655 92 
PRT RABOMYE ere ate siete te oer eee ete ne tui nete dinbenseete Take YoNe matoiteas Gite seirs thal 3,417 98 330 17 
PAULA UI PENUIS DD MILT Yertotaye a1 setae sya racsyee sifeumits-jiatemenrainenats foe edairs fay egehete: aco 28,733 80 9,951 44 
ESE] GLORY rsa. Sent th che cht Renate aye ls ote a ste hobs tee ig sate ised ce etcigatie le 23,873 72 6,640 08 
PACS UELUA Vere Meare ete cya ie Sicin ga te era ease Spy cage aia Glad soem ees eat 30,920 12 1,534 24 
CUETO Vert ae eS CF clare ace he Shp ers RL ay ste Re ene 59,862 96 12,231 83 
iva MBIT CTMEErIN ain 2 os ceece Sve See enna Biche Gud cveleateie 23,251 00 535 00 
AIRY MELUSI BML tavaltces. 5.5. sachv evapeteierete ae orutnlg a Sata ldap ra aya tele nce, oles 120,672 00 102,068 72 
BETA VUdT LE RNR NA a it ls Mk Rye Rcok IAS wlle Bre no sois eielyacay Orovaite 38,582 30 2,752 00 
PEMCUNTTOMILOS owt sec ater ate Oct rte el oe tak acoso eta neae Ne sett icraienene fue 8,968 83 17 00 
HVNeeinicaltensineerine cc cis. ee Ae old kate cus ole Pa aly ove seks be 17,570 98 410 52 
PBST OST ae seve sk eho Sarai ecole eheticetans ieicke te aueww eis sigjakgins Few s alee 32,491 33 275 38 
ENT GTEIOLOR TY ease clas Ciehe a epcen ae taires = Mala eyelis toheife sesteyatiets tesa les ee¥eshauuciss ete sell 13,161 60 204 62 
BATTED CENA Sa Pegs Snir chavo ete ete te cat aio eihet ne llorrel Madea tia couanden eheh enarts 19,274 49 203 84 
DEIR ILO ELOUSE A ciatag. eevee tie, Sete aie Meme ME) ayo anne, creat astern 49,285 86 27,394 13 
EAE CH AMICH ep. whe tig ae eens nieces aimee ee one ttieiie a k.tticacte ayaa 18,042 41 rp ule ss 
HED IVINIMI MAP CINOIL So orc Actec) s Sails Sb aten ise Sisko e feos ereieie ess thee SGOSTOCallins whic week rete 
LEOVRECD TAY =. grciiohSer Gece hey CrONey Gubies CAC TORO Re cd MELEE ReaoT AEE Merce bier cece art 17,550 66 3,581 97 
EIS UO Iey eer Rear He ete Graveretaich wees occicionn a auc fers SMe Wid shee sual opp herety sees oka = 8,545 61 127 40 
TRIGT AKDT SME A el Ree te ITER enn ania certeaet Caen aa aaa 20,763 69 2,481 49 
EAOTISEIRO LG meu Tina gr: pete alee Tacrea el Seeuttes ceed el oarrcy saute ae oe elt oleate ds 19,885 40 2,160 40 
ROUSE HOLOUSCI ENCE at Senne eens tm tly c Chine aves ateinted lense nstete, 23,533 26 5,097 10 
VUiH OTE NEN es Sia Otis Oppel OMEN IOENCCROENC SLC CICIE CUE CRO ER RECS. etc eas eh 10,475 07 43 49 
ITE y NOS a EN AKO SR: 4, oo ai cych te CAS EG BSE AIOE GIENE PR LENO is cae ie TOS F 24,907 93 363 37 
IMechaniGa Men PIneGeRIMe yc). seh rerio cisact sane dives sate oa dans 46,367 60 4,626 O1 
IMEC COT OLOL in a cetace lacie iaueve © citer einie eae ahelons Sie sie ses Wlpiawelsl arn sel’ 600 30 12 00 
VID cite vaSCLOM CO cas tctae ca cNeserader sis nscamensue ahe=) Aue See agers nis: Siaiete wince sid abe 7,067 69 393 19 
VEIN CeMRT EB ee Ree OTe eA oi ates on IS ati a ala nntuche’ suecs-ais sileye.s 7,135 40 2,241 25 
TENT TOYEATA occa ten enoee, TGC ELE ORS oe ERIE REL Ot Eee en) Oe 5,083 84 19 O1 
ADIN LCase AMA es So Seve eran tacwe io Wels. ac alte tae e blcdes Meaxdueliesies 24,093 50 2,870 48 
TEAS TCE rire bak la Vet My bei ce aie ie ae a Ary CER eet SP4n P88) un 4.031 60 
T2LGYTU AAS Hees Ot ere Oe ero aL CROLHTALceG OT Er ONE mee ae Rent Ree ner antec 17,897 60 3,411 20 
‘SYON Sexes 6 eh Sets tem ee CRONE ta CRE EPCOS AE RRL eI ee gE 12,709 68 235 43 
IEC A INCOUESGA air stort oticah eae net eau. sireye ovcbacr shat eitareh Ses auaue gavelle Qoaevene © 16,496 77 3,087 95 
SIERO inv AO ClIMICM ayauni icc oe ala sth oie CFE Me Asem iencp eater wats Bla tetas 11,582 83 852 73 
ETOMIN AT Va SCIOMCE risen foto: ceo ratings ein forint eager braved ve orl eaye re eae 9,461 49 134 24 
CO CICERAT Recker CLs D Gra te OU OPIOID OOo. tC IOI ICR eee Den Rea aTCRCTeE Raat ae 19,882 04 718 75 
AGIOS 5 ee a tere ecu eS CE Diet eR che Eee CT ee mea 7,523 03 1 00 
NTT ET COLO ED eters ae a5 Grane re ieee Meee ns apace chat ntxaae 9,247 41 24 
(CHS EARTITE SS 2) aa eee ee le a ee RCO BTR ek Air ar Re 21,465 99 Qos 6 
(COTVADITT ATLA STEELER eat eae gem MaOeee soot Til ETS AYRE EEE ICR GE ECL en RC RDI SOS SO Psa eisco ie eens 
(COOTER TEGDUTOTINS eel Benechclole CIoee kote iio a ohasi: Gee Oil iar Crone Gicneiem ae GOORO 2 eR ook oes 
ID SDT, COLES LUV ADI igi pioiepe ENED con nD CRP aIGIS creer recineacia SrerertuD ic Ae BAA OSS soca ap Mateus scot 
ID EAnEOlger ein CERIN. Helen so cyte een ch ler ite hero aoae Cuomo erates IER EGA le aieieehteee vane other rhe 
SANTO MSUMMMe Dr SCHOO nee yn tear aS dine cients eitiea see sane ote ne. VA 55°39) || Sapevacs es ee 
WW EAIINODaW OLIGM emake nen Share a hean ta ies inet ch ode a eieaeere teat euts 26,643 54 2,440 11 
MEAG NOME ECONOMICS ha as: iin og, sto) eon viele cha idcks eee) een eire eastises SOOO BOOM Pnaace coe a aatebckays 
ID TPOLKOTACRS}Y 6 Je ctnebin ci EGts itis CRE ere ORAS one AEC Pat Rennie SRR a ie rete 792 11 1,080 00 
EVGCRIC MTS Tim Ps are oy ve oS as) cea dia a s/o 8) Ved « halloves Uae adeuaisbe 16,112 26 2,919 23 
PREM Se OALG MMe TD CLSte mel pan ree fole, Seer oc eecinie oremees aia 892 SOF on can. tone alee 
HE CEEAMSUIGEMUS Maret acres Riel cr mets cua trate caneva teas ce Gieveusis 14,934 10 18,833 33 
relate aN On CALtar elim cbacits ac kageussc oie AN Sts overs elem cle siebe es oueue wie 4,246 93 124 
(CASTING IB Scr Glee ord Cycle RPC CHE ROR ERED aD Perch ar IR arte 12,404 27 16,237 68 
SIGAINE, 3 yar RRS Co COPING Can ney ICRC tee: eno nae 129,303 76 1,597 91 
EUG IGLOS TV CR atcm atte ahal sy sac uesen ic cb ite tee, eye navailne ov sce cubase chix vere alee 13,724 32 6,830 34 
NEAT QULEEUTS LO WICMICI Gel e ae, sa se tucnei nice elke tack su erenele we unio mayen Bape ies 238 29 18 00 
Maintenance and repair of buildings...................+-.:6: 72,425 23 (a) 122,398 24 
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TABLE No. 7.—Current Account July 1, 1920 to June 30, 1921.—Concluded. 


Dr. Cr. 
To disburse- By 
ments. receipts. 

Maintenance Of STOUNGS iss eee wine cso on Gi ele vin creole ei iewe aie $10,993 96 $18 86 
New buildings and additionss scan son cee tei ete eieioee 71,340 53 53 78 
MMiceioripresident. 2. sae scien le eee clare se etnies eionetateee 16,410 52 1,448 15 
Officeiof secretary as csivnc cto erie oc ite title ore oleh ener 32,402 04 6,709 15 
PREDISTTAT. § 5c cleie cree Feet enae a ara aca ates alee eiova aricds mei shave eonele 2 Sho ae 3182903 |.o sac nee 
FOSDIGAIS 45 i ei p action e eae ame eteln SO eine diel arom brea epee 1,068 26 2 14 
MElEPHONE ssc tciars Sate Pee onehee Sates nl ates eranelere Stel sania oko Rie Cerro 3,127 06 187 94 
SUOLO SA 57.) 5b ista rer eet eet ote sore lg He Ee Maat alan chove, sucte ce menoeeee ee 4,828 27 1,313 71 
MO Gall 5 ae rebar ce det eeceat a ona =o hts eres rete seeds Une ates tar ees ence $1,339,873 84 $1,307,556 60 
Balance berinning fscalyyear sully! Ly LOZ oe sips = srs =) tetel al re isles ell ener cetche cee -eleietieeneie 52,330 88 
Balanceronmhand ine SON ODT sce decir avai cine eee clears 20, 01364: |... 32. Soe eee 
Ota array cnage rote ete va tamer’ ate shane xcs ROR APA EERIE ee ae hehe eran $1,359,887 48 $1,359,887 48 


(a) Supplies, $9,237.75; sundry, $530.11; labor, $13,553.68; rental, $1,407.48; tuition, $5,667.50; 
mecentel $60,597.20; matriculation ,$3,503.00; delinquent, $572.00; room rent, $27,324.53; diploma, 
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TABLE NO. 7.—Distribution of Special Appropriations. 


Dr. Cr. 
To disburse- By 
ments. receipts. 
INIMESERVAliCeNSe ANG ANSDECHION: <= cos cna oie cis Seclerw a cic elie e'mee $1,928 50 $1,928 : 
SEAM STML Lad CIP ey ce areca ores yore er tetanetes'e alee ar eras, Greisye siete’ simierS ous Blea 25 00 37 
eb wsOn MeMOral MUNG ¢ 551s ovale Ss ees fevacle Sun cee nels c 25 00 25 
ees FeTESCHOLALSEID ere aei ato tino Guat vrava rere aiald Skies Glow abdie eu fey ap atels custo tawiere data 75 
WG6Eeationaliteachertraiming sc ss d'scs.c ds cl cals diene bse weiss viele s 13,948 22 9,924 ¢ 
MLE ULES ALIN, SCMOOMS <o0aia, 62.05 cye.e Scie amislove eters ew /s-ci5) deve 12,835 33 186 
SHO AiaNGEStOLEHOUSE at. cie Aran conte brareici ecw cnche wee ares era ciejerevdue 24,130 95 1 
raring Grisw OldescnOlarsnip © acy 02 saya cara ctw tote irons dels el'onn: ch a Guia [lavateueravercaovotesieatenee 110 
IOLA be cites Sich chs ARS SS IR Eig Sa Rare Sich RCA ener RD SRE eee me $52,893 00 $12 , 288 
Palancowwerinninge iecalsvear Wily lis O20 5% aia cscs tees eolora a. |\eh aie eesks) ciabw chai seule $11,702 
Balance Overarawil FUNCTSO, LOD He. <ertercts a ipaleiotae oslcle or 6 skniaillaiawie ocleistandha a aaers 28 ,902 
JUGS S85 re tlie een nee ie ore ace $52,893 00 $52 ,893 
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TABLE No. 8.—Exrperiment Station Account for Fiscal Year Ending June 30, 1921. 


Balance on hand July 1, 1920.. 
United States treasurer...... 
State Treasurer, one-fifth mill 

PUT adc x ek Sey toate ere 
Mertilizer feedsis.t cee 
Commercial feeding stuffs.... 
Animal husbandry........... 
Bacteriology a-.iyeremidce ack 
IBOGAMY sia a diate mht ete re cere: 
CWhomistrysye ccc. ccs ee labeorsiteei es 
Dainy husbandry. ... eck 
Director siOMmeeee sa 4-1-1 
EIN TOMTOLOL Y=) 2 cates enem oe is 
INATINACLOPS*s areacniekes acces selec 
NOTES EUV eas acne stele aks Seer 
Farm management.......... 
HarmemMechanics. an. cele cles 


OLS esse ae ree hte ie eters 
Graham horticultural station, . 
South Haven station......... 
i evStationlasn.. ss cae bere 
Balance, June 30, 1921 


Disbursements. Dr. total 
disburse- 
ments Cr. by 
each receipts. 

Adams. Hatch. State. department 
STORE oy teres (Eke GE nin (te oicdcimerste ae clio. ats ofan ca 00 
Rr Oe acerca a em eee eter avincs.& esl comers krone Bu $30,000 00 
Eee eer Nye OM PCE ue hurt) NEF aes CENT Clee SS los Casi SO ee 197,013 29 
eta RENE SRS| te, Ura Senetad noi aay $1,547 24 $1,547 24 8,940 00 
ened ran ata el| (Slarein eeeehee ies 1,153 08 1,153 08 16,480 00 
AERA A ee Roald echo CRONE C 2,882 14 2,882 14 1,071 02 
Bos ace eerie e ee 10,192 51 10,192 51 540 17 
ES es ane e)| a AY ee 4,991 18 4,991 18 125 55 
EATS Oe Vn oy Seale hy ieee waa tens 4,605 76 4,605 76 LOZ ie 
Ee Co eae FER Einar c ts 2,229 63 2,229" (6305. cee 
Le Me eee ce ceebell oietaee se eae eerere 22,435 44 22,435 44 : 272 
eb OG (Co aa 1,699 65 1,699 65 141 00 
Meee EI IAG Rare sre Bae 12,083 91 12,083 91 3,909 04 
Sper Pome eA rallies sohereiare hate cars 57 06 Bil OG | crest nee 
POOR Gent ee rene EEE: 155 60 155) (605) occ) eee 
Sion ebuse tee eakere let eiereaer se Bicatae 617 65 617 65". 5 eee 
Ae RRA Sir oll cpede te even arere e 4,264 20 4,264 20 29 60 
eee erect ate reeva eae lee Soetoro rec arece he 444 60 444605). 3 cee 
TEE a Rae er CO eae pee le 32 25 32 2510 fae. See 
$15,000 00 | $15,000 00 937500) 66) \"123- 500 6640-2 eee 
Fe Uy etsbe Gl braved eosin eke eels 14,874 61 14,874 61 22 00 
Saker at ci te tiered eRe ate 29,676 57 29,676 57 458 70 
BA ete ers ltcgeis care Gureele 3,608 48 3,608 48 685 62 
A Pete eed eC eS Oe iran 24,987 17 24,987 17 6,492 91 
FE eae ee ooh Ana oll SahterRnG OTE roto aw ots. ao olostote 00 00 
$15,000 00 | $15,000 00 |$236,039 39 poec0) Uae 39 | $266,039 39 
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TABLE No. 9.—£xtension Account for Fiscal Year Ending June 30, 1921. 
Disbursements. ee 
isburse- 
Cr. by 
ee Receipts 

Lever. Lever State. State. department 
ES Alen CET EUL ya lel 9200), cytnevertesste | chaeay as tars pre 8, = |ee coer oks ete ch wile | ele ke cw. ates facta ro Si Pan Sre Xe Kraehe $0 00 
Pe Se neAsmren we Ver MUM en ice aren caper stan lt Lis oe che) pecs quaifleuel sale evekoreve Mun Uletereuevote gers oe 148,172 80 

State Treasurer, one-fifth mill 
EXT EUSLOUMISVCISS ULC sy cies rey (le eye ray Thee ETO eke a ed ote Agere le als ev elle eres Sars, ere eat eres dre 90,000 00 
AGIMMISHALIONW.. svc. osinie ces $2,735 36 | $13,370 56 $125 04 | $16,230 96 309 80 
Baya and Piris? CLOD) ccc. oc ce 17,781 96 13,444 95 945 28 Saline LO) 158 26 
Control insect pests.......... 2,198 46 3,542 48 21 O1 ESSE H alse Yay | AE ean en pat 
ECOunty aeents ss. oh cis a. «2 75,439 72 ),390 09 369 95 81,199 76 101 10 
PEERS Oat CEN Meee Wee Ee ss 5 5. | Pena Nc 1h ote crew lle Reeet A cceey seh 3,695 44 3,695 44 1 00 
HRM CLO PN ot eeteys savenc rev are'evonencs tiie 7,049 94 6,926 35 212 92 14,189 21 4 90 
Farm management.......... 2,937 65 1,221 53 82 15 4,241 33 1,389 70 
Home demonstration agents. . 9,317 89 5,576 60 47 26 14,941 75 91 70 
Home economics............ 7,501 34 9,954 05 48 20 17,503 59 22 10 
AGMELCULUUTE® 5.7) certs oo oes oe 23220 LO 1,750 34 24 47 4,001 91 32 50 
Household engineer.......... 1,574 72 2,749 68 234 16 4209) 90) | Acree once 
NIMES LOC Kat cc Rie, os rand locvatee chs 3,023 73 4,267 21 194 07 7,485 O1 59 00 
INIT RG) IS TENS A a ene 5,692 42 8,407 82 291 59 TAP BOLLS SS | oe pe Rs cero 
TSLTUEGLEL GUO OY ge NA Salve en end me |e 9A holed =a Jee | (ean pe ee 312 14 SQA eed ae Prvct.c Ae 
Potatoes and vegetables...... 2,651 74 4,731 89 12 69 7,396 32 12 50 
MAOUILUT Ve yea ie oats aleve Perks 972 06 1,630 90 25 55 ZAG2Z8 OL ce ee certo 
IPO DEGAbLONSeryt oe AE ns dee. Dkr oL 112 69 164 50 3,455 50 10 15 
(STETILIS'.< js eee at RAO RR ©, eae 3,890 40 2608 eo 421 26 GOO LS ena ate aren tee att 
Balance, overdrawn June 30, 

[1G 2A eee es eae hea ey ne een re] coe v te ORE cl (ey Ene ae gen a | | aera] ee a oe 779 63 
INGE I'S SOS irs Rane ae ee $148,172 80 | $85,744 66 $7,227 68 |$241,145 14 | $241,145 14 
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TABLE No. 10.—Positions and salaries as shown by pay-roll dated June 30, 1921. 


Classification. 
Rate per © |_——_ 
year. = / : Extension. 
xperimen 
Current. Siation® 
Administration and miscellaneous: 
President’s office: 
IPTESIGGM Gs 2 fae Ol ee ae CP: Ree chao kako wr $8,000 00 $8'000"00) |... tee ono lee eee 
Clerk3topresident=cass cs) eau eee 3,000 00 3: O0OM00 CS ore ie ole ee eee 
secretary to president...::6.5..;. 52.45 1,700 00 200! (00 |n ne e|| e e 
Secretary’s office: 
ECTCTANY ne eres sie css eee dots ce eleunte 5,500 00 | (a)5,000 00 $5007004|2 52. eee 
Cashier and assistant secretary......... 3,600 00 3,100 00 500: 00))) 2 5 eee 
IBOOKKEE DED ee tits oo ee none ee 1,700 00 1,300 00 40000 |." Sincere 
CnIGi Clerks. Vee te ee eae = ee 2,600 00 ShOMOO eae eee $1,750 00 
Clerks ite tte ns Lea ee ag on ees 1,700 00 L700) 00 nc. os Sone eee 
(Cla ee ot diaci cee Et ORE ELS eRe ERT PTAA 1,400 00 L400) OOM iis os cee ol noe ee 
Glen ee ere ee Oey te a ne, Rot wea 1,400 00 LT 400N00- hs cc Seino eeeee| eee 
Clery so ee I eh eee oe ene ae 1,400 00 400) 00) |ic usc tena Ceo eee 
Clerk ete Oe Sees 6 Le ee Lee 1,300 00 Te SO00%00' |... & stoe Soe elo eee 
Purchasing agents. 5. tele ete 2,800 00 2780000) Ws 2.5 sty aves re (lls eto ee 
MLOTEKCO Pers cc tees-c ays ee ee ee 1,800 00 L800 OO tA ee eee 
Registrar’s office: 
HVE PISETAT tis sia ct ere ane achat he eee 3,000 00 3 000F00 i) 50 suet beets oc eee 
ASSISDANG LERISULAL. cee aioe ve cee niet 2,000 00 2,000) 007)... 0a. noe ceo clic ee eee 
Glerk eee ne bio hem bebo telecon ae 1,600 00 1.600.004). else ee eae ae 
Library: 
GUD TAT IR secon yet ngs Sirocco rere ane 2,800 00 2,400 00 400)\00")...5se.a eee 
ANSIStant Iirariai ei err eee er 1,800 00 ti SOO" OOM). He ees Sonal oe ee eee 
Reference librarian. soe. eee eco 1,800 00 1 SQ0) OO}. iccac-50e tole eee eee 
Alumni office: 
Altimmni' recorder acy. crn ies aeyecia vices arteers 4,100 00 4°. 10000 i) c% 530 See FG oe eee 
Assistant alumni recorder.............. 1,600 00 it $600) OOM oe eee eee eee 
Miscellaneous: 
Bn eIneer sh cae erro ac es Cini 2,800 00 2 5 S00) OO) ihe. Sarencias sece ce oil avalos eee eee 
Night-watchman\. 42.05 use sece ce ce eee 1,300 00 1300 'O0)| 3h a ac eralliie noe eee 
ATCHIFCCHS pias s fore Sete noe ne Ee 3,500 00 3), 00! OO) a) Set aed oo tale ee Dee 
We Mis '@. A secretaryicncc. 1s tes acct oe 500 00 DOO MOO) |e cee n te wee oi] ieee ee eee eee 
Health service: 
WITECHORA React ee eee eran eae 3,300 00 3 SOO KOON eset hostel ne ae 
Dispensary clerk and secretary......... 1,600 00 1600): OO} Iie iaccnsie dei eosin 3 ect eee 
Division of home economics: 
AD Marcle s 2M ihe ase Garo ere eet oe 4,500 00 4: 550000) ||) aateens, he ore Oa Oe eee 
NLEnOLTADNers Jo v0-te ciao oe aoe ears 1500) 001) (b) 155007009 ee a ecinc era ee 
Dean of women: 
IDGan eae ck cis i ee CE eee 3600001) (b)3 G00 L00N|\. m2 cere aera eee eee 
DITECHOR: 2560.00.53 ooo Co ee eee 2,00: 00.) Cb) 2; OOV 00! ae:, cea eee ee 
Matronisenior HOUSE ase eee ees 1), 200'.00'4)\(D) 15200). O0)s|/5e~ ice sea Ge ee ee 
Matron college residence............... 1 350'2005)(D) 1350 200i, sciciee cetera eee 
Matron2ADbot ally eee ee eee 1/000) 00!}\(b) 1000) 008-2 ee eee leet ee eee 
Matron: Howard! Terracess.4 45. oes. L000" 00) CD) TSOOOS OOM yecroeee | pao oe eee 
Matron College Cottage............... 850004|(()" 48500000 ce a as Sane Oe eer 
Matron Waterbury House.............. $50) (004|"(b)), F850 000 |e. Bacatee o leree seree cee 
DOCTCLELV Jenico cls SOR ae eraeme 1500) 003 (Dae SOO 2OOR re ae cre ote oe | cetera 
Household Art: 
IPTOLESSOT Missa ots (craisna Stoke weetecone eve ceretePauetere 3,500 00 3,500 00 
‘Associate eroressors sec cee See rae 3,200 00 3,200 00 
IASSIBt ANT) PLOLeSSODs. ¢)-'- oe parnoercmere eens 3,000 00 3,000 00 
TIBTTUCTOL Se sche cog ee Oe ee 2,400 00 2,400 00 
WMSETUCLOR er cee ees ee ee 1,800 00 1800 00) | c2 hace cia salee seenoureeeeene 


AMSTLUCTOR. Horace clean eeoeres a ee oe eee 1,800 00 M8000 OO 2 5. ce seal ace eee 
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TABLE No. 10.—Continued. 


Classification. 
Rate per 
year. a 
‘ xperiment 
Current. ciation: 
Household science: 
IPEOLESSOT A ante ois een fete akan eich ns Otho $4,000 00 S42 000'3000 |B ee No ae otesoe 
PASMIstant: ProressOL.). .f ote. bor aioe see ee 3,100 00 oy LOO ZOO Mis nea soa te 
ASsisfantsproressOns oa eco een ne 3,000 00 Ss OOONOOME ers .crreen sr. 
ASSISTANT PLOLESSOR. oe a2 ctke the coe pee 3,000 00 3,000! OOF |e. cation ees 
SUL CORSA ara gree okt eet tn cles aie ae aoe 2,400 00 2 400 O00 as sete 
Farm management: 
ET OLESSOM Pho oet Sik are CR aie et aks ES 4,250 00 Ars 250 00)|e. ee ceiok 
JNEISTEE EDT BES ak i te ll ee 1,500 00 I HOOLOOE i: eae aes: 
PASSISUAIIUT Aare cue neers ih akitatsia cots omelchae 1,500 00 LP S0O700) |i2e eerie 
Division of engineering: 
Deans office: 
IDL rie NG cho cy REREe ee ROE O So GRate Sieecey Geo 5), 200) 100: |\(a)5) 50000 | 5° 525.50. 52 - 
Clergand"secretary. = 022.0 se. tke fee 1,500 00 Ti HOOZOON hatyerpescteie: 
Drawing and design: 
IPTOLESSOE Sac ie ise cisrs es «eos & wees 5,000 00 Dy OOONO0 Weare nee: 
ASSOCIALE PLOLESSOL.).7.145 shel cite oarare Os ates 3,600 00 3, GOO OOM ance sen 
PASSOCIALERPLOLESSOLS <5) cis. ta chet « Ou vavcie pier 3,200 00 3), 200'00h)|> 5. Rn 
Associate Professor... ee ce cee 3,200 00 SOON OO | Fee mayeyerencn art 
ASSISTANT IpLOLESSOl .ircucniee otis. cence 2,600 00 2 GOOROOL IE cease 
PASSIStAME PLOLESSOL. 7,0. - 6fe ees + eee 2,600 00 2AGOOVOO a eis cies ee 
PASSIStan by PrOlessObe vac carl. Secs vo alee 2,500 00 2 SOO TOO sie eae ns 
ASSIST ANG DTOLESSOL .oerae ieee ce bare adie ee 2,400 00 PABA OLO ICY, Oa WS cee Inte is ches 
ISUUCTOL toon e ee onl tens See 2,200 00 2273 NOONE oe Gia tao 
IS UTUCHO Mee trae cole arora te oh wands cnaeles 2,200 00 2 2OOMOOE| ciate tetera ae 
NTIS ETACLOM eer ere Sia eee cons wie 2,200 00 2 ZOO! OOM ie aretha oe. 
St TUGtOT eee ates shee gs eer ciscs Scene 1,800 00 TE SOOZO08 |lercctence secre 
MStUCtOT etn ar A ein Se enioe se 2,200 00 DOO NOOI|enriicrehaetets 
Stenoprapher penn eerie ose cea cece 1,300 00 T2300) 00 Aa eee aoe 
Civil engineering: 
-TOLESSOD a ache aie She eh ee wn bis Oh dee A O00R00) | (a)45000500) 25-5 oe eee a. 
FASSOCIAte PIOlessOn cians tion enc ee eee 3,200 00 oe ZOO 00M oe oe 
ASHIStant PrOfessOl.n sees ee anus elo 2,800 00 De SUOLOO) lcm Nee 
Assistant Professor... ...2..tss+..5 eee. 2,500 00 20001000 a cama eee 
ASSIS ANT UDLOLESSOES syacicrent siete nies Ohman 2,600 00 2° 600000n nace eee: 
IASSIStANTADLOLESSOMs ee oe ene Golesi 2,800 00 ZeSOOLOOM ici ier eree 
ES SHUG E OT ee Beis Ae erence otha 2,000 00 PZ OOOROO MW mre ae 
FRStTUCtOLe nae och Bice eis oe ee 2,000 00 2000" 005|Parerceeerace 
Mechanical engineering: 
IPTOLESSON ee ve be eR yi neon 4,250 00 AP 250, OO Ul Retecioer cites: 
ASSIST AN bapLOLOSSOLw aes nee ay oe.. ne cee 2,800 00 2 SOOMOOM ayhe see senceee 
Assistant Professor: So). chen se cee 2,600 00 2 O00 OOK: Ae anes oe 
PANSISUATL YG KOLESSOR Se chee aoe ieiaio oe 2,600 00 2 OOOEOO oars aay eocnar tes 
HTIStRUCEOIN: Ae icin oe MOR ors. come cera 2,200 00 2 200700 nnn enone 
IBNSEDNECTORS scctae sole ce ee ea eee 2,200 00 ZOOL OO ea ae ern | 
MS CRUICTOT NS cry tees on ie ee ee 1,800 00 SOOM OO|® aon Pate: 
PIS EEUCLOR meron re eine hears Conseco 2,000 00 ZAOOOTOO! ose enaee el. 
MMStructOnseree clue ee ere 2,000 00 2000700) | aa eee eee 
I SUTN CLOT sy cee eee eel oe 1,900 00 IM SOOSOO0 ME rma 
ENSTUCTOR Ae cee ee se Gene 2,400 00 2h LOO OOM |, cena eee 
Metallurgical engineer................. 2,600 00 2 GOOROON Ie ane reere 
SHODIENEINCEL ARs ce ee eos ee 1,500 00 TASOOMOON mere Crecihace 
Electrical engineering: 
IPTLOLESSOL aera axa tierra ieee 4,500 00 A DOO0KOO We. ere tioce ae 
Associate professor: >. 245M eons os sce 3,200 00 Sr LOOMOON ais ncevterre 
ASSOCIATE DLOLESSOL fe tuners a che oe cis aiken 3,200 00 Sp eOO OOM Eee anaes 
LINYSL ECOG Ee A treee Hele niet Seeeioi in Re eee 2,000 00 PAAVON VON Se a erie daa e 
MMStMICtOR en ee Seton Aras he ee wae 2,400 00 240000) | eee. ees ee 
Federal students: 
PY IFECCOTM A ctecic cere Ee eh oR 3,000 00 SOOOROOG Ee nae cee 
IPMISTRUCLOD SS. are rama roish So oe ek Paar ere ote 1,800 00 I SOOKOOT hae oe aps 
ITISENUGCL OT MR ere era era ier oe 1,620 00 AG ZOFOO" | ian te oer: 
MMIBELUCHON eet Moonee ro neat clei 1,200 00 200800) ||R tycie cre eee 


27 


Extension. 


STATE BOARD OF AGRICULTURE. 


TABLE No. 10.—Continued. 


Classification. 
Rate per 
year. 4 
x xperiment 
Current. Sep 
Divisions of science and letters: 
Bacteriology: 
PTOTESSOW 9). :c iors reels ier SOA Tih slo arene $4,750 00 $3,150 00 $1,600 00 
SASSOCLALEYPTOLESSODS seis oe ere ence) oer 3,200 00 2,400 00 800 00 
ASSOCLAteDLIOLESSOLeeceriee eseieeiee ee 3,400 00 1,200 00 2,200 00 
A‘ SSOCIatesprofressOie.c ta.tasroes tiers cee 3,200 00 1,000 00 2,200 00 
Assistant provessOr. 2550. ..6.. 0. nee os 2,400 00 2400 N00 sincere, esis 
ASSIStANt PLOLESSOI.. shennan oben ee 2,400 00 800 00 1,600 00 
Graduateassistante nen eee ene eee 800 00 SOOO. Ns ae 
Research associate in bacteriology....... SOO TOOM |: che cys cette 3,200 00 
Research associate in bacteriology....... S G00 ROOMS sto rare 3,600 00 
Research assistant in bacteriology....... 2 OOOROOM sem + exec 2,600 00 
StenOSTaApHeD anna seks ors sabeth eee eran 1,300 00 if SOO OOM eis... Semmes 
Department of botany: 
IPROLESSOR y cietsah ls ntetisc soe ere arn cet 4,500 00 | (a)3,600 00 900 00 
ASSOC AteHPLOLessOL-:.5 ecto coe Liam 3,500 00 SOOOHOOR ic See ener 
ASSOCIATE PLOLESSOD.. nts oc aden chee 3,800 00 1,900 00 1,900 00 
JASSOGlate Professor. we fee cee ees eee 3,400 00 1,350 00 2,050 00 
ASSIStantypROLeEssOrn coe Geen a eee 3,000 00 3, OOO“ 00K. Ce ete: 
ASSIST amt prolessOrs. cate cane oceania 2,800 00 2* S00 300M A. Seer 
INStRUGtOre .eiemer ee. cok. cee Her ce es 2,800 00 700 00 2,100 00 
INStUCTOR any ei ee ale oe ee 2,400 00 2 42008004; 2.) eee ree 
IMIStMICCOT hic. nici ee oe ee eee 2,400 00 2 ADO TOON |e i ee eee 
Graduatecesistants shh eee is ete 800 00 800500) | 2 Palko neice 
Graduateassistants 1 serene eee 800 00 S00 00a 4 Sea eee ee 
Seedianalystyc see hare ee eee 800 00 SOOMOOA OF co eae 
Research assistant in botany........... 2,400) (OOF eas... teers as 2,400 00 
Research assistant in plant physiology... PARK OOOO WSicrecg mice ane. 2,600 00 
Stenosraphery oie see ah Seis See 1,350 00 900 00 450 00 
Department of Chemistry: 
IPLOLESSOT a se rSetres ae eed erat uneheecee 5,000 00 2 OOOROO) ironies store nies 
ASsoclate; professor... 00... eos see 3,800 00 SOOO ROO hector etter 
Associate professor........... 5 APs A FAS Se 3,800 00 SOOO ROOIN| SS 8 oe meetin ae 
IASSOciatesprolessOt.- .-c see Gennes 3,200 00 3 2OOMOO Mais aeeaercearanes 
Assistant professor...... See omy ett 8 ee 2,600 00 ZS OOOROOW| Fak cette 
ASSishantiproressone sete ee) ee 3,000 00 3 OOONOON |: ce cite ee 
INTAPER TN) ORO OPS 5 sage Gand aeobnous 2,800 00 2 SOOMOOS | Heminencnaats cree. 
UNS TRUCTORY ee stn c G re, ae ee ae ee 2,400 00 A SOO ROOM ee ctareara eter 
NMS thUCtOT NS 21s nee in a ee os 2,200 00 Ze2ZOOMOOE ew a tavcse fee 
INSULUGLON ene nica eee ee 2,300 00 2 SOOMOOMIES atten» Sens 
PMSHPUCCOD tite kee ee ee 2,400 00 2 FOO MOOR acs acute ena cs 
IMS ERUCtOR Es epee Pie eae eae 2,200 00 25200 (OOM Erancis ase oe 
FMStructors aie cites cp ee ee ee 1,800 00 I SOOR OOS Ss a cise. «eke 
MMI SHGUE HOM: ivan nase cde ne ee re nee 1,800 00 Te SOOROOR Te. cases: 
Dispensingiclerks 5 Ney ee eee 1,800 00 SOOM OOM NSA... Pretec oe 
Department of English: 
PrOLessOnst cis esp eats Wee BASE er baa ASO00 OOM (a) A OOOMOOM errr ery enters 
ASSOCIAtE Professor. 0, ne ote eee ee 3,400 00 3 400K OO eee asa ciceseie 
ASSIStant PrOLessOns em. yeen gee see ones 2,800 00 Perel) (0). ine 3 geen Soe: 
ASSISEUNIE PTOLESSOL.o +o Giae eon nleniis Gee 2,600 00 2 OOOKOO MN Ai nae fees 
ASsiStantiproressOr.... ean cen tee ee 2,600 00 2 GCOOMOOR ie acces ive 
ASSISHAN i PLOLessOr: a. ose eee eee 2,600 00 2 GCOOMOOM Pen cattery 
PASSISL ATU DLOLESSOn so Saeeoee 2,600 00 2 GOONGOOM| sere atievetetere 
TIS EGU GUOMA EE br.te ve Soe ers Me ee eee 2,000 00 ZEOOOROON ||. 2 arcin se ee 
Win StRUCLOR rch cicisiae Che ee tere 1,800 00 TS OOMOON || sent tno eee 
ANS UTU GUTOR sie ols oo de We nee ea or 3,200 00 LS OOOROON| aber siberian 
MSE TUCLOG ele os rh, Cae ae oe ene 2,300 00 2 300R008||5 ta pater 
TNStENCIO LS eat ae ea ene 2,000 00 2 OOOKOO} 2225 eer 
MIS ERUCTOR ees ae ed RO i kee ae 1,800 00. it ROOM OOH fee seer 
Department of economics: 
IPTOLESSOTAS ELIS Ore ihie eee Sinn Boe aa 4,500 00 AS SOOROOM Ritereancpietrey: 
IASSOCla te PIOLeESSOls +...) casa en we ode oe 3,500 00 3000 O08) i aets nina: 
Stenorrapherse eas th ok ays Sean 1,300 00 GOOROOW| terriers 
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TABLE No. 10.—Continued. 


Classification. 
Rate per |_| 
year. = é ; Extension. 
xperimen 
Current. Seation: 

Department of Mathematics: 

IPTOLESSOLL <a> in oes civ Balt a eedilen ah $5,000 00 $5000) OO 23s rye ener Sere 

ASSOCLATCIDIOLCSSOE-® «(cites chelte doe 4 ots 3,800 00 SOOM OOS | Zi Morais ae ancl Sect hae ee 

FARSISE At DEOLOSSOR=.0 as nt th: Sema lochs 2,800 00 2 SOO OO! | Soyer. ele, see ll see keer hoe 

PRASISTEMt IDLOLESSOG sam Jt ase ein tinernrs ts ae 3,000 00 er OOOR OO Near te ts ohh Meee re en Os 

PA SSISEAINEVPLOLCSSOL... Site tots Schelse wos oe 2,400 00 2 SOO OOAS arta: tees alee ey emotes. 2. 

PARSINT MUM DLOLCSSOLA so taie sete. Sows Oar Soy 2,600 00 ZOO OOU eee oct eon elon cnet 2 

PASRISLATEL SPLOLESSOE2 0 ens s voune cae oie 22k 2,600 00 2 600! OOF |e 52 2 ie). Se let Ae 

MVISURUCLOLS Mee ae eee che chs otole cittaacrues sok 2,100 00 2 LOOK OO ae ceeuS is scroll Cee tee ales 

MMISTEUCLON. Sets fete oe cae a]. Mela a ote oreo wage 2,000 00 2 O00 O00 Es aun ee, Rees Geta 
Department of Meteorology: 

IMIS UERIGE ORs es © oN sh terse iam stone Seok ois 600 00 GOO OO) se. aio ee ee 2a ea OAaCe e 
Department of military science: 

IPT OLESHOT sea nie no he ed eee ede re he 2,450 00 ZRASO OOS Ai see susitero crack | Perot ae wee caice 

RRISHRUGKON a oparsecus ois ewcbin there ned ees 1,170 00 LELAO) KOO" late 2 aes nee eater nace 

Chichi clerk: 2.5. as aR Melee ek aes 500 00 SOON OO ERS oe ons. =ccorene lee Retees re 
Department of music: 

PITEETOL: SNe cee hse. oe ohn eteisous aa kes 3,500 00 SEOUOLOO IA. was ce accel ao eee ee bs 
Department of physics: 

IBTOLESSOE +, cseatsraiae Riots crake ithst More stays ate eee 4,500 00 4,500 00 

ASSOC ATC DEGECSSOL S275, 2.3.08 oie nic = cla kie 3,200 00 SeZOONOO iS. eee ae ear nae son 

ASSIST ATL PEOLEBSOL Se So tscse o.e 10) vee cols 2,700 00 sO OO) EOS Cees reyes || ne top oe ods 

MMSEENGLOR saeco s,s es cre Res dace ae 2,300 00 PASAY U0) URN Se Miter ot Pieri eens beers 7 Vann 

ACISEUIGLOL ae ocr et st aiat.fetee nails a, ete ate 2,200 00 DOO OO! Heian bs thence ek, eee gaueee ean Re mre 

@lerk andi assistanes.s 4) toe eee seu oee 1,200 00 D200 001 eee ance eon nee ae 

BHOTOREADDEL Grit cote toy Ree a ee 1,900 00 PP OOO OOM Ne Pa chh St aew se eereas rom ee oe 

( CHa y EEE ains 27 EL nie ik FR ea ee oes 1,300 00 1 SOOTOON Ihfara thie tac, orl eaeean PMS. 2 
Department of physical training: 

IDIRECLOR Ge iain eee er eae come ake 6,000 00 G 000.000 or. tskyt os) cere oe sae 

ESISERUGLOR Se eas aot) ee IN ote Tec ions 2,800 00 Pqere\ LUT UM | eee AAR eared Cs ol oes ose a 

MEISERUCUON Sais, fees Soh tei Sevres ne a 2,200 00 rs OOOO) | pe catia sya cert li ee eect ee 

METS TTC CONES oe ere eeeees ee ae ot ers 2,500 00 2 500} 00%) Nera Chew. SrA eaten Ole are 

ASTUMCTON. ce oe ee eae iole che ae 2,000 00 2 OOOMOOs th aes cote ah lions Seater cc 

MHISEUUCLOTE Sanee Se eee Ae ee tins se 1,700 00 17 0D ees ee ek BE ee eee 

COACHER eh tate ce Sit ek emis tee, ee ot 2,000 00 ZEOOO LOOM oe seep e aie ase eee 
Department of Zoology: 

ETOROSSOT a yarn ie wine era RTA vy rat te oie oie A250) 00; | )ASZ501000 In. ose eee oes ererot cee 

FASSOCLATCDIEOLESSOU a/c iva eva > 3 5 hase 3,200 00 SF 200 00% | Breese nish eicie Geach et. cele 

ASSOCIALEIDEOLOSSOL s 21. staan vied alee dee 3,200 00 Bie OOOO Eee ences ete lng Sen ea eve axe 

ASSISTANT, DLOLESSOT. cc. sh Sa oe yeas ole 2,500 00 25004008 |e Sua Fes aise onsi eee 

IENISEDUICLOR. Seth ae Grae Ce eet Sees a oie be 2,400 00 DZ AOO ROOF tice A eh. i eee tege yr oe 

LVS) debe ae ey, ee ie ete Oe 2,400 00 2; ZOO OOM ee re cle oe ees ooh 

SLENOPTADHEDI fe 8 sc s clees bee owhe eg wore okt 650 00 GS5OTOOM ea tee eon tree eet 

Division of veterinary medicine: 

Veterinary department: 

ACUMEN Calling tab h 2 38 coer. emer ease oe 4,200 00 ZOO OUR Wire eR oR sone, [PR oles Oey he iene 

/NEGVSUES ging] 0950) (2's S(0) OS ey Ps Be oe ak a ae 3,000 00 SOOO OO eae ay Se ae ALLER ae oo 

SLCNOPTADNEL stews ccc fatetccn toh kad «a a, eae 650 00 65000 yi eae eeee tae orenais 
Department of anatomy: 

ASSiStanite PEOLESSON. & soras ke Ge coe oe: 2,800 00 2 OOO MOOD Pk te tenent acho 2 lake ate & Sees cote 
Department of pathology: 

ASsociaiesproLressors,. 32... 40. sais css eee 4,000 00 2,000 00 D2: OOOROO Set echt aehcba wns 

ASSIS AN tEDTOLESSOL= aco ho 5 scx S bene wee 2,600 00 2000) OO leas tic. Airbase | aoe el gaia sane 
Department of surgery and clinic: 

PAN SOCEALE IDLOLESSOL hatha sors iata so ooo 3,800 00 S S00 C005 |e so yee Pea owe etree 

PASHIS TaN LAPTOLeSSOP 52), NSIS. Sigls oie. ath Sh 2,600 00 2 OOO TOO sty ee adores 2 | UR ee toe 

Division of agriculture: 


Deans office: 
5,500 00 | (a)2,750 00 HEBOMOOT|| Ae htEe Oie of ohare 
FASSTISUAD LONGER Me sh ic ees oe thle 3,000 00 1,500 00 iE 50O%00M Ae eerie. pee 
IGE KR ay TaN? OR Pee Rc ae tind ek wee he 1,600 00 800 00 SOOROGs| Seen 
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TABLE No. 10.—Continued. 
Classification. 
Rate per 
year. 7 : : Extension. 
xperimen 
Current. Station: 
Department of farm mechanics: 
PEOLOSSOL: 5a vn, Sere cs Re OE ee os $4,500 00 $3,600 00 $900) 00)" eae nese 
Assistant prOfessomaen se )ioee ome ein oe 2,600 00 1,300 00 1 SOOKO0) | Shee eee 
IASSiStant ProlressOlss see nee en oes ak 2,400 00 1,200 00 it: S200400M|\.45 > Sie coon 
IMSEDUCTOL., ois cyto or Se ee ne Oe ee 1,800 00 15800: OOM e: eee nea eee 
SLENOLTAD MOG ec very toric ote el iterree ears ee 675 00 675.00 11.5 ice eee eee Pee ee 
Department of poultry: 
PTOLESSOT: Crutacictatecs esis bg ale aie here sia ears 4,250 00 3,400 00 350 00s |i eee eee 
ATStHUCTOM. eevee thee Noe ree tree cess 2,000 00 1,300 00 100,000) .2. 3.4 
ONG TRAIN: ar voyehe sous ese eicis, « bos We heuer Gis bse Mes 1,600 00 15: GOO) 100) ih as, sob ie cponocase'| aicteueneee cheno 
Department of forestry: 
IPTOFESSOT : Oo Aarsae en ae sicrnr anWoarueutrer de 3 5,000 00 4,000 00 1 000700" 00% cine cee 
Assistant protessor.< 2... <3.2.2.2e sos 8 eye 2,600 00 2:5 G00 FOO Will Sr. wreleus Metererall ate eeetere ere ier 
TMS CEU CLO cre oes cos.cce Ghee avernse tas bee ors Bans 2,000 00 2 OOO OO si cicts:3 sop setelle nickebe eterno 
FOLEMA MUTSELY,. oti, oak toile ones vy oe 1,900 00 1900) 003 oes. aiees.c oe = cl erat erect ene 
DLCHORLAPHER: cysts. sic fetat tioteree ama tots 1,300 00 1300) OOS)... a.2 eaiere 2 daltelne ee Rate oe 
Department of horticulture: 
IPTOLESSOL: Siete erasers. le of epithe SAP aad oleae 4,500 00 3,000 00 15001008]. 2 eee 
Associate professor...f).).6 sed. 2 acreelchese 3,500 00 3 DOOOO0M eo ee steietellenn cee oe 
Assistant professor. 5.2.00 0 026. 65~ 6 os 2,400 00 2,400) 100) ih Sore eta Siege 22 o| Eaton eects 
IA SSIStANPPLOICSSOD so. joetel niet tower 2,750 00 1,375 00 ESV UUM retire oS ae o 
IASSiStamt PLOLESSOD vayccrae op eeente ve yeast ee 2,600 00 2,100 00 DOOKOO TU) eee aoe ee 
Research associate in horticulture....... 2}, 800! 100! Wc. Sieve ssyeFenetere 2 SOONOON | Mevacor 
Research assistant in horticulture....... SOOO OO Gl) its ste ey neravae 900 00 $2,600 00 
UMSERUIGION: J epictcis hore Sane aks eceie ree 300 00 SOO {OO Wis seb tore ty sneer eee 
Clete s asta ae oo se heed caste cae 1,350 00 675 00 GUS COOR Fee nee 
Department of animal husbandry: 
IPTOLESSON foc carci eran Se Od Bact te Ryore areas 4,250 00 2,850 00 1 400) 00) || 5 2 sees 
IASSiStant) DEOLesSOLe se anon ia sues cee eae 2,800 00 2,100 00 FOO O02 Sere eter 
IOV ETH AM crate ytev ces 41 spe exare cuatedeeaaiaiel ones 1,800 00 1, 800°00 Ws sat. acer des lca eee 
DLENOSTAPNET: 27 set ose ee eo ele 675 00 BD OOS sieoe jetee oes eee teoe 
Department of dairy husbandry: 
PrOfGSSOR gs 6 Ae tess stave snaeoo ete emer ete ee 5,500 00 sys) UU) Ui bat ereicec. cera aoa tb canoes J 
IASSociate | PLOLessOL.... ss.iie ne few eam ate 3,200 00 Sig ZOO OOM sie csntervoyere: susel| Noten eerteeae 
ASSOCIATE NDIOLCSSON 2. sass ansrarapotre ene sates 3,000 00 35 OOO} OOM 5 Shive.o ts tic alaselliexcterae tere erence 
Assistant proLressOr a0 sh pie ee deletions 3,000 00 : SOOOLOO Meier cueteretereiere ecelereertm rem etete 
PASSiSbantaprOoressOn es. s.acte tent eee toa 3,000 00 2,000 00 DS OOO MOOR ic esse cetera 
AMStUUICT ORs arn cists obtener hh ee 1,800 00 1 S00) OO} Wrevsccaase stke ao ail here komeneeene 
Research assistant in dairying.......... 2;800)OO'i|\6/-esrotere cree 2s S00 OOF eases ree 
Research assistant in dairying.......... i AO LOOM eters corse tava t shee 2} AOD MOOS Ae sep eriene 
Accountant in dairy investigation....... NF SOO OO ME er ayeietsrenegevee 11,000.00). sainace cnt 
Accountant in dairy investigation....... I OO) OO) 3|\ Se eos ecceete F700) (00) | Ao. see eee 
Superintendent advanced registry....... 1,800 00 Ife OOK UU om nbeningtecollaceaccecas asc 
MOT. oesrei Peis Mo. oles oise Foe ee OD Ee ems 1,350 00 675 00 67500" [ios ie eee 
Wer Kors fet aa iekons-sntcsra ete ey eee cAI Orne 1,250 00 15250! 00). Sec sad See llero atone 
Department of farm crops: 
A TOLESSOR, cbse rae ase eisyle Aree OR eee 4,500 00 3,000 00 1500 O05) ease 
IASSistant proressory osc orice eee 4,000 00 1,000 00 3; 00000) )| Shien ee 
‘Assistant: protessor.< ..crcign sees eee 3,000 00 2,250 00 750.008 |. ee ee eee 
Assistant, professor... ..coce~cnos css 3,300 00 LOO OOM eo arene een: 2,200 00 
MIS PMU CLODA A ive ek cus oho crore custs eee meer en 2,200 00 1,560 00 (UUM UUE Goria comer 
ENIStLUGTOL: 64 ats bres oe a Ssere le Be Meteosat 2,700 00 
HTISENUCE OU ois sare onete acs rave Che eee arts 2,400 00 
NStRUCTONi <2. 5 vic. eto ote ale eens eee 2,400 00 
Graduateassistant fo... ssmmeceeeeice oe 800 00 
Assistant in! farm Cropsi. 5.246.600. 428 2,300 00 
Clerk eh seier.o eniosse Steet ee oe 1,300 00 650 00 65000) Wise oc sere 
Department of soils: 
IPTOLESSOR soja leis, Wave eile Cavin ya eNotes Sarat 5,000 00 2,500 00 255005004). cece cere 
IASSOCIALEPTOLESSOL =). ~ sls sccwcte ces ams 3,600 00 2,400 00 1 2OO"00| Sa. eo See tere 
Assistant) ProlessOr. 22. ck. actioe« aude ene s 2,600 00 1,700 00 CTUUECU UE Temerieta es crche cys 
MINS GTC EOL eve tector e eeeke ouestintabe Buaverd slsuale 2,300 00 1,550 00 750)00| || See oeeore 
Research associate in soils.............. 320000) | eveaccsersaree sro 3200 00) I. Sebi eae 
Research associate in soils.............. Se SOOROO iliatertareremieterstere 3); S00 00)|.5 aoe eee 
Research associate in soils.............. Se OOOO Asin ctetrehior 2,200 00 1,200 00 
Research associate in soils.............. Sit 2OO OOO eee eyeveisselaroes 1,600 00 1,600 00 
( [25 d eet ir relly at eat sake Ae ok Fe 1,350 00 3660 675 00 675 00 
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Classification. 
Rate per 
year. = ; Extension. 
xperiment 
Current. antral 
Department of entomology: 
IBTOTESSOR se. ecicre ra hostess Sie ove Busia etdrere's $4,700 00 |(a)$3,100 00 SL 60000) | -.. teereeies- 
Assistant professor...........e400-- 2,800 00 1,400 00 Ll A0O OOM eer 
MIS ENTIGLOD am fansiataie eels. acne chee teliers 3,400 00 1,900 00 DF OOO OO is stoxcre ascites 
MIS GEUCHOL oy siiere che we ersinravatarthevaveretais 1,800 00 Mk SOOMOOS || ievencverctevaterete cllicie: eeeratany meness 
IS ETUC COLE Sastre eek fee ak aoavapcheeerehs 1,050 00 OSU IOOs | Pires ahtesctetercia| chabebecery asters 
Instructor apiculture.< 65.5.0 4cn. 0: 800 00 SOOMOOM ea aclerctcteys ee onal Matera cieeereere 
Graduate assistant. . 0... ee eee 800 00 SOOTOO ee See NS ee er ae 
SLONOSTa DHE s ere crin..feid eee waren. s 1,200 00 Pe SZOOMOON (a acer eet tonal ee ee. 
Special courses: 
ID EXEC CC Se 2 ea ne a ee 2,000 00 2 OOOH OO aa ae ieee ae literate arctan ae 
Department of history: 
IPTORGSSOE hiweictens G:s cle sso exe telavard exer 5,000 00 OOO) OO eck trnevacashenctell et erties ao aa etents6 
Assistant: Professor... <<. .fi:s.01 ah. 2,500 00 2 SOOO! OO a ae cltctererans ascts tees aimee neces 
STENOPTADNOLS Ms > «ate a s'e:clotereretate acrens 650 00 GSO OO Ls yer h een Re ae ee nes 
Experiment station chemistry: 
CONGMISLS Here one rae saeie AF SOOT OOM riarccntere solace A SOOW OOM | eee aha otek ve ocks 
Research associate in chemistry......... DP SOO! COME caverra carers sake 3,800 00 giiiekis os 
Research assistant in chemistry......... AF eV U (Es heer Chane & A SOOL OOK (Sec Sevceyse ays 
Research assistant in chemistry..... Se COOMOONI erarycistarsnerc + 3200 100) is fee ce aces 
Assistant in chemistry............. 1 SOOMOO hes ern oe cusstiose I SOOLOON RA ost mcci 
Assistant in chemistry... :........ 2200 COU rirctcvey ate cterers 2200 "OON renarateitetees lee 
Assistant in chemistry............. i SOOKGOT |Patee acy I SOONO0) Sean cian 
OLS ee Re oe cenac ie cree et Oe een ene LF SSO) | ere, tek ocret ole xareay B50) OO! |eruean rte 
Inspector in feeds and fertilizer..... 2 OOOH OOM iota o awe 2 OOOROOs | ener ae ease 
Inspector in feeds and fertilizer..... ee OOON OOM Pr earetarnts aes 2 OOO) OOM eis ctetste tots ote 
Division of extension: 
Administration: 
DIT CECOT pater coin ose plier iets io ltnere eis ieee 4200! OO icra rztecarctacedte yen eee $4,200 00 
ASSISPAMPiGINECtOL. 6). Lc sec acie we ci cue 2 SOOM OOM eS acavercvesncell(s ieee eee 2,800 00 
METRE ee ee nel cron SINS Gee aha oeticus Sul ale GOO NGO see ae c cpa tetera claac 1,600 00 
DLCHOPTA DERG: Fat parte ia niche haraae micnarak GOO OO see Aas cocectencnrel ates memoee terror 600 00 
Home management demonstration: 
SPECIALS Ur te eestor eters ides felaharclacs Sier AUC We Reuters mel lo cacao bia Rot 3,200 00 
specialist... i. 22.3 Pn Min akarcy etree ove etal ZOO MOO Pry deel torres [eee ee ee 3,200 00 
SPCCLANIS terete ree te ote ccte ee oel tena koudee ahora Se DOONOOD eo e kakaaty tee omnia akan eee 3,200 00 
StaLeleaG Onna ea Ne ori = cictyeinnisre avossrete 2 OOONOO', |i hiss tee Gisvehsenall eee eae eee 2,000 00 
SUCH APO oe aoe ae aeBto Deemer ee oe Me 2OONOON | erate aotaterie es illo tabrer chee 1,200 00 
Boys and girls clubs: 
SUSE CMCA MGR we ryese car Sticte.t oe aile were aisle Sree Or OO va acta ioe Seve lt os aoe 2,120 00 
ASSIS EAU Mr a creincke ss eitaareie aren sis Sls aloaion ZRAGONOOS |b cn tarycta they sae |e a eheteiees eec ee 2,460 00 
/SGEIRVICN ie, GPP tis Giererne cen ERE in oe aeaene Le O2OVOOe | Pesei vets nce creel | eee eee 1,920 00 
PASSISE RING eae ee Peo aie en eres TRS 208 OO) |Past a [ey Seen eae 1,520 00 
PASSISLAN GEE Amit. mnie cleitieho nana tia tanaseore ZOUOLOO se faerie erect ee ae 2,600 00 
SLENOLTAPNED= ost. mie elec Oe were eC ae nee ZOO OOP sec ators | Waker ptsetcts 1,200 00 
SLCHORTADHELES 2c eis atten Einketers waco 1S 2OOKOO! |S Ske ae le eee eee 1,200 00 
Farm crops: 
RPENSIONNSPeClAliSh,.. «.c.< = slowness = 1ererese ote PA) Ate OMICOY ONAL Rete oe conten pe p| RE rs A eB sb 2,800 00 
WLEHOPTAPNEL.. <5 mcic cise oie ra Preiee namaabee 1 SOO UOOY eae aacsteenielek ont cree 1,300 00 
Live stock: 
DECIDES trope: avetaisieye mice etthe Gisuala eycln tsyeexcce Sit OOUOO | irc ter reste ilo | eee ar eee ee 3,200 00 
SiTCO ENS paints crore Boo erciGirers crete OO CO I AOO OOM | reece cee oll ka etaraaaevek 1,400 00 
Horticulture: 
SHEMORL AD MET red yore swale Senora ahstansveloerats oss8 GOOKOO Te raetetcatose cela otene or are ore 600 00 
Potatoes and vegetables: 
IOCIALIS Eee as oo ee a) chev oretcie ual ane Gna ekerast 2 OOOO! eivatitaccy Soka. lates dae 2,500 00 
RENO STAD NEba ptt ayict cans he corde anccs beeen GOO TOON ER ease en met lige ett uaeeed s 600 00 
Control insect pests: 
SSECHAIS Uepaed epaiatn aisrate ecare cis ec cherstereleie stele 2OOOMOO Me creccsie crckoscliclltarotores eieiaee ors 2,000 00 
DECIAlIS pee Pe ta mek neo ceeiarane sae I SOOZ O08 Psisete acd tanec esa 1,800 00 
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Household engineering: 
Specialisheneeuwer 


Markets: 


Agsistamt is eis etes 


Assistant field agent 
Extension specialist 
Extension specialist 


Poultry: 


Specialistem ccc. 
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TABLE No. 10.—Continued. 


Farm management demonstration: 


Stenographer 


County agents: 


State leader....... 
Superintendent 


Stenographer 
Stenographer 
Stenographer 


Agent, Alger County 
Agent, Allegan County 
Agent, Alpena County 


AP ent PAN thin @ountiyenin ss se <b noe ee 
Arent ebaraea COUN. cece... 0 alse oles 


Agent, Barry County 
Agent, Benzie County 
Agent, Berrien, County 


Agent, branch County... 1.5 s-6ehe sees 
Agent; Calhoun County jcc. «ei se = 


Agent, Charlevoix County 
Agent, Cheboygan County 


Agent, Chippewa County.............. 


Agent, Clinton County 
Agent, Delta County 
Agent, Dickinson County 
Agent, Eaton County 


Agent bmmett County..1s. sc oe. ob 


Agent, Genesee County 
Agent, Gladwin County 
Agent, Gogebic County 
Agent, Houghton County 
Agent, Jackson County 
Agent, Kalamazoo County 


Agent, Kalkaska County............... 


Agent, Kent County 
Agent, Lapeer County 
Agent, Lenawee County 


Agent, Livingston County.............. 


Agent, Luce County 
Agent, Macomb County 
Agent, Manistee County 
Agent, Marquette County 
Agent, Mason County 


Agent, Mecosta County....5----5..655" 
Agent, Menominee County............. 


Agent, Missaukee County 
Agent, Montcalm County 
Agent, Muskegon County 


Agent, Oakland County......--.-.-...: 


Agent, Ogemaw County 
Agent, Otsego County 
Agent, Ottawa County 


Agent) sapinaw County.)....5...4 sess 


Agent, Schoolcraft County 
Agent, St. Clair County 
Agent, St. Joseph County 
Agent, Tuscola County 
Agent, Van Buren County 


Agent, Washtenaw County............. 


Agent, Wayne County 
Agent, Wexford County 
Agent, Huron County 
Agent, Shiawassee County 


Rate per 


year. 


Classification. 
Experiment 
Current. Station. 


Extension. 
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TABLE No. 10.—Concluded. 


Classification. 
Rate per © |~—A A 
year. is : Extension. 
xperiment 
Current. Station. 
Home demonstration agents: F 
FASMIStANG CAGEL a. ewe vic oe oie seg ¢ ateds Do ZOOL OO Ss hovecsnoe hint oicie 8 ees $3,200 00 
MLCHOPTADDEL sec fre ace Ae cae ont GOOMOOR IS soe fuk co niece as wale 600 00 
meArenL. Allesan COUntY a. osc fos as cee he QOOTOO eeierr a cuaesta, narra tata bas Oe oe 1,000 00 
Agent, Chippewa County.............. SOOO! COLE HN Fo tame oliowe eiontorantsene « 1,000 00 
Agent, Dickinson County............... PROOO ROO Mees sys Son netics oe 1,000 00 
Agent, Gefebie SOuUNtYehciet obeoteoe. Ae OGOHOOM TA sea oc 2 Mic clliotrcte aes erences 1,000 00 
Agent, Kalamazoo County............. PS OOOMOOME Stas esis Sis een ole cleciae 1,000 00 
Agent, Manistee County............... EZ QOOMOOGIER Geos cor Ss pola eunsNelaiet ate ousnces 1,000 00 
Avent. Oakland County. oo 2.eol.c ces PROOGROO |S tec ke a Pond acta petites eit 1,000 00 
Agent, Wayne County..... 0.0... 6.00008. OOO OOPS Gates aaccic cick, |thoxhis erctarcces 1,000 00 
Boys’ and Girls’ Club Agents: 
rent, Calhoun ‘County: 5.......2 5s. sas <x GOOMOON ees cre vcces ei ccevans Nehetetey eucxe ceed 600 00 
Agent, Cheboygan County............. GOO ROO Ne crete cys icra lle dete tatiana tere 600 00 
Arent, Haton County. cies se. os ae weet GOOHOO IF BE ete ch ee ltactits sare anant 600 00 
Agent, Genesee County................ GOOMOO FE aa fe Ftote lees eerie tae 600 00 
Agent, Lenawee County............... GOD MOO ae tice cmt Wn visieta ater hoes 600 00 
‘Arent Saginaw County ~.\..c:2-. os « «wise GOO OOD eee os ote tie eee cae 600 00 
Agent, Washtenaw County............. GOOKOORIER MER erie sn hae ee 600 00 
ANC UIS ROE 25 yen Senet oe tien ene $892,610 00 |$595,615 00 |$123,000 00 | $173,995 00 
Vocational teacher training: 
IT ECEOMM ENN ec eI Canc akeiara eke ST COOKOOM Perr « cites Sig FOO OOH ee stele acc ete 
Associate professor agricultural education Se ZOO ROO) eet ce cate seen SE OOe OOM | ee escent 
Associate professor home economics. ... . SOO OOM Ee ee keie sicicere Se ZOOROON | Dem vacrne sche 
Critic teacher home economics.......... 2 AOOMOO Ett. ciate atten ZEAOO ROOM TA crudere we tleters 
PMS URIIGLOES sree tere er bh cheek ncn saeers, isons OOOO) |5 5 dem nance 1200000? |eeata setae 
CUETS ee Oyo Pet Oe NA er ne a a Re an COOKOO) cere oe MOONOOM Waray on s'e erent 
LBD ee ey eee S906 SLON OO) |e ee etre sree SIS VCOOMOO. |e aise crete one 


(a) House in addition. 
(b) Room in addition. 
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TABLE NO. 11.—Salaries Experiment Station, fiscal year ending June 30, 1921. 


DITECHOL. A aren ee ee Opava Spots Ghee: cde tow erenenehe Seer erenessrerctencesromer sates wSe8>5.0 0105 $2,749 
Assistant: bOGITEChOL 26 oc ete cobs chet are Sole erm Cn a eae OVO cerca en cena eens 504 
/Nrathaaesile ofsht) so) toyed ivan gs tesco Ob a cdo cel cio 6 Oo cib-5 0 oO OO ORE oon bi Bb Show oo 2,000 
1skkoesatol Coralie gipteando alse tc ecomas bys a Orcroln blo GG5 00 DODD cle bo Dow oO Oop oObL oad ou obe 1,600 
Research associate im bacberiol Opiye cepa assis cect A cues oP eiere nel ates sien ero ee ieee rene 3,200 
Research assoclatevimibacteriOlOgyans ce mcnsehane Ge ctestteitie deer suskenalee se ehiclfor seete pe aeliel ef ete ec tiee 2,200 
Research associates, DacrertOlopy so. fie aot ol ends Cece ean eae ere hich chelates ensiueneveiel sy oie clones 799 
Research, associatesin: DACteLIOlOR- issn ccselatehtaeis cremegere sianats Mclain terre icles team wnice eae y one e ae: 3,600 
Research-associate imiDacteniOlOgy ay acre deck eise ees cites eee tuahc re ceetele el eys mest aitenen ane tese ete pals 2,200 
Research: assistant Im bacteriolOmyise no ertticeraeicye, ce leras « Sisceheteiaaie aie se eee eae Maney 2,600 
Researchassistant: tn’ DACterrOlOR yes cnc cic, ficeetese de eis ns oaths rede sve aciehe se eens eee ee eee 1,600 
WOtaniSty. 6 ie NG eee ere ie ds elk. eae Sek Cs ltus eis tenes eka ea lels irae aysun elise aneghacie cere suc eeunwe 900 
Research associate imi DOtamy.. «five occ, ef ssotw choc Ute Ale eds olade Meas om sosiies ap Aimenchaae eek emeneneanIe tere 1,899 
Research associate im plant by SLlOLOp yeis =. eec rene cise cue te) oevtetedehr-vier ae) cleo tet le liemeee ne rome net= 2,050 
Research assistam tum DOLAMY sw. «cc5e cece sees Pete fee anotee there Lebrun eteles seme ewe ioke eae nae n ee te Oman et = 2,400 
Research assistant: im DOA yr. <r. cs o.2 a) ce yeleue euereweueht. «1 doe, Sdn concise eleleret ec ore Baer eae nave RS 2,600 
Research assistant mW Otanye sa, scsce cieece cnavs tal sjatelereus ei caer re citstrexere Sati fel onze neva eee nore eee ghee 2,100 
GHEMISH ee Be ee ee eo ely Le aiioea ba saya RICO Sri Aten < ciabiitit re mur, Scie ial Coe en a 4,500 
Reseanchvassociatenn Chemistry <.c¢ ao 5.2 <1 psPakarsisiasys ie o.o s Goaseye cists tape) ey eunie = onensy tee eRe LoS ee 3,800 
Reseanchyassistan tala CHEMISUTY:<, rats avayoss cuavevece oeteiaie lene iseetels, iavtelevay alla letones stefan dee en Meee 3,200 
Researchpassistanitrln: CHEMISE Yc. 6.2cee nol sis Oke Grchel Om cetepencteM oy sie oeeians, oye eaete Seema e PaeeeneR eee 2,800 
Aggistams Uo CHEMUISEEY,. —@ Latches jidlercie ames A c,ayeushe che pile eyes opese a wlaMeie « weitieyere tel euevetes creme eyeh eke 1,800 
IASSISU AME AIL CMGUMISETY, «5:4 ars ooo, aoe gechecao (el ed ees IR eater ata le horns eke See, ake ha lee near eee eels 2,200 
TNE Ey al aah alg GL aKe1 100 2171 a ee ee Ren IER IG os oe ieie. cae MONA IG ey cuainoiG SIMI. oo 6 Oo Oe ous 1,800 
Imspectoror feedsyand fertilizers: 3. etcy-0-y- teensy amended sy osliot cavalieri oy iea aisles canner Me emeliomeas 2,000 
imspector of feedsvamaGs fertilizer... 505. «lee eal am Peete cya lertatishsaateey ss crete. au cdc,.n <j of ook: keaiesmeee the maeeane ne 2,000 
‘Amimalthusbamdmanm: 2004204. 2".. 76 his creates Mehra ea tallow tek cers) Sle Stor kee torch Chat ram ene Irae 1,400 
Assistant animal husbanadmam. 320 vicuc. coe nem) hector) tate oh rer ee ewan och aaee eC 700 
Research*assistant.dairy husbandry... 5 | Se. esses oe islotenese sveeie ciate ale es cileysuciasharsiee ieneastanel ne 2,800 
ineseanch assistant dairy dhusbanaGry. 7 « s.% severe siete, excuatsrs vote. < fnicy sneer sae eneter swier iei ate oles 2,400 
ENS SiS Gen rabies Gl TeV By sh oc ey castes Ms avaysu nth on eceersead she cacao savealor teak sist heene eenetteA cer MOR Prank ek Mena te ce fs 1,500 
ASSIS tant AID GaieyaM ee favre sd ascacas eich inite cel eters re Eine MMe Oe are ee aeee ee one ol nena Raat 1,700 
IE MGOmM OLOLISE, 2 ye hai tivaiedionsfaichadamap sucht Chayele celts AP eee ehes coke todeeetta ne es eoen etal sega cuntie he rettetc roterhtuenraks 1,600 
Researchvassociate AnrEntOMOLOLyY aaict. cys ce slleos 2: yes Fs crepe aisthcus, atavsuer cosh cieieas peter tensa aetna oes 1,500 
Research- assistant imentomology. sec 65 sets cness seus le sieuclscevedbeyiaytels cehavey choses Remeron Rene eRe Re Mee Mone 1,400 
IBALMEClOPS'CXPETIMEN TET ps so ays wks claterca at as Sete geiswal croksbene heme eyey cleht cc age ee NRE eran vey aerate 1,500 
Researchiassociatesplant DreeGiIn eS seers, so Gags soe Riess tan ehaueusasyeCoaee, atay en elebawele yale clectonewenee 3,000 
Research assistant farm COPS: . fe oes = eee cose is eal heave) serene toe es PCN RSIS OR: 750 
Reséarcheassistant farm \GrOpSs.. tse ws.s. a acer GWA Mie et gers fonye aan eS rg te eRe ee ee ane 750 
Researchcassistant farm Crops... <ud tse mc «25s eteraieiaieie to oaPtitesle wtetercuctrewaltsus) cualia cleuceg ebay cueper eames 1,800 
Researchagsistanit Marne CHOPS. ccc cte save wean lertste ea cea et peu cote dete: ane ayioneee tein ceen ramen ote tens 2,150 
Researchrassistant’ fanmyrCLOPS rcs 1s sis.coses. iere o yaveodcve ee uana cease ee ates a eames eee 525 
Reséarchvassistant. farm AMeCMANiCs. yp.) coe ceotsissasthenehe Ord Oe eikte cle cera a Lauateue we Olcnaicu noes 1,200 
Research assistant farm MeChamics:s en sci 5 Sea atas es uiceewa ere ol cvede Ghelst Mle casi ep ec deee mem rene sai 1,300 
HMOTREStEY OX P SLIMMOMGESL . Maahevece eis ters asim ele orees tats eel o RegeL uae lezat's w Ue sev sile rare coRere ra neler ope ene okeste eee 1,000 
EVOVCUCUIGUTIST.G eben cadets atte os sewe eee AS eee Ooch eh Fn e cee eer er Soaclgchee: Sonn ERC ee ae ae no 1,500 
Research-associate horticul#urey sce o6 e/sware-< aw clave Wao Sere ntelend oes eee era mee eee 2,800 
Assistant im Dorbiculture sc ee iii. Seraiess shea fe wore is 5 dehe. oyaas ebsip sfesreat orden eee nee re Rete eRe ee eos 500 
Poultry husbama mam jet. create ocstos cbsishesciele le one falls io. 6, Seovoue IAI scIee Ucn Loe Renee one eet eel erate 850 
ASSISHAME AM DOULGT Vie are otters. cea ctale el dace sis Mache teneysenire caren gee Tene Mena ER were atest onnc rests 700 
SOUSGORVSICISH is se wie ls bondoc, o cotegerae ah sayee 4 oe stdesntsar omcee Mel Es desse dialer Sk nee fe area arte aie noire we ee 2,500 
Research associatertnysOUus’: 5 -y.Aver = cicies Bice ae hk ee ee) ee ae 3,200 
IRESearCh associa vexim ‘SOUS! Arc 5 cette ee te at an eee er lee ce ee eee eer: 3,799 
Reseanchxassociatetinm: SomsSie ny As. kev atte « ccetease he eee ae ae eatin Slovan eer iceman 1,600 
REsearchr associate: UMESOUS) 6-96 clad oayscsiaha evalerote vo eee Om auetoitiereus eae sy see NOs eon Rete SLare eeneye 900 
IRESearchrassOGlaie UMsSOUS es 2%. conse ete eke ene eed eevee eledaletek sere teh ye an eA eee aes 2,200 
Research assistantan sous. eee ee eee ee ee ere Re re eh cic 1,200 
NCIS GLH 0 FA 8 ARS 01 ke ae SEEN, Atay in a Uae MO Cora AIS Beer oo dh,4 aiuici. 6.6 dart 750 
Bil ON ech Eh 6 era eae ie EEN EE eb marti cot ON a cry EEA PSNR ce RM Ment ain a i nacrord ea, 4 400 
SOGTELATIV 2.5 cline steressicenreee a crag ty ane eeO wD ereens Paden hai ol oa ch obetelay Cane res eel ee ake tere Rec ete ae enearennrenes 500 
GaSMiery. OM ed che ayes Rie er re eraneoet ie he® Oca Seuctcuesonae Lae Grobe aawei ie nee ee eee 500 
IBOOK KC ODO a aA ee ea ete ak caces tR SeT as et oeraits oe Taslay ae Sov othe ca a eae careinge Ren ame eR ee een 400 
TSVOUN bah led <a i Pee on aed At CMR COGIC A G@aabosoboeaut 1,350 
SEONORT ADOT as) ost is eke Slee RTS oo hee fas os il See RST ROR ge ae ENCE tea 675 
WCOMOLTAPMEL > di5. Sa eietece cucteralc ta deta a ienadleve ara See by oO EA EL 675 
fSielelo}=a gz cls) en err a rn ne Ae ee ee ee ee Pears (od Met saa Coble bold aote~ 450 
SU ASvOVO; Sa gcH O18) Ge ee Rn ee earn tees ee Sa MMe eel Ale Aan Silo met nS ow bcro.a Gummo oo aot 650 
KSHICS) OL Of (21) 0) 012) See ee aR Parte Anti MPbewe ie ie Rene Ia eg Aa Ri Cine a BS ole ala emir S 800 
PD (SiLO) ait. 0) 6 ee eh ee he Seimei to Gia Arlt ors OS oho Oreo Sie Oc Golnons 750 
SLOMORTADINOT es bil cccca, ce Oats) OOO eS eee a EE ee oe AR Se ev 689 
HEMOPTAP NEL hee is asa steeeace eface tater rie ee een OE TC ot eer eee eee 675 
SLiClaKofeart:t 0) Ye) tea nea aN Rs nnd ererteen A Meee St eee Atta aiowmindaos Cae oS c 403 
ASSISTAM EM MBH ORtICUITUTE sees wicks, «oso ccarar hie a See aaeOiat Were ere Oe REE Sere onaer eer ee 450 
ResearGurassistant wm Gary 2.9 spree isi tomeiols Sense ae eae Reo eee OE eee Tne 500 
Researchrassistantin horticulture: My > ole a ees ele ce tae ie ee enn oe ee 1,143 
HanmMemMechaniGs (ExperimMenvel assis, «.nsene ewleeesocker oin Me cc mea nec ARE ROTI proto meee nee 789 
HOLEM ASL ALIMIU CHOPS eure hoses ae rca sa te Re ET ey ee eA ee eee eee 970 
Superintendent Graham horticultural experiment station...............0.-.200ceeeaee 2,016 
Superintendent Upper Peninsula experiment station............5.....5.-+ee-seeeeee 2,475 
HUuperintendent Sous Haven experiment StatlOm. ere c ime acne. cies enoiiene nares ialetcrmeieienies 1122 
Hi presiMyestieatOrsmewcm rye Neen pied cueeraonS mae ae Dee een ee 150 


$29,114 


Administration: 
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TABLE No. 12.—Salaries Extension fiscal year ending June 30, 1921. 


SOM Tener eee tegen Aran eee net reais SUcNe a Toate aor seers aval Stay walla “oe eters See Me ole a wiayeed wevarave cs 


Stenographer 
Stenographer 


Publicity agent 
PMGCOMLINLAT Lic ersie tara ech ane Const Share siietotet a eater dieMaPabicd oeretona ls, chetevs Motes abled esc lel 6 Saale due SiS crwreie 


County agents: 


SACO RIOR GOEL Rep per. Pe seo takece ues tare atom Svea wh serake, apo tieyeysp ang era eMlar eS aiaye cuba follbMyee ate afte. ane chive eyave 
Superintendent 
Agent, Alger County 
Agent, Allegan County 
Agent, Alpena County 
Agent, Antrim County 
Agent, Baraga County 


Agent, Barry 


Agent, Delta 


COTW VITA Bee pated 2k Io BE CREN ROT cc ce EeeeORERA RL Ghcinno fo ORT MSI tee ren Soin of GHEE Eee 
Agent, Benzie County 
Agent, Berrien County 
PAPER Lee TANT CET (Os OULING Yeave ocx Se sist ois val Sue epee ror strat atte oor el aivartoiletren Socks al Sims atehal'h wae aha e eieyaer aiecerenens 
Agent, Calhoun County 
Agent, Charlevoix County 
Agent, Cheboygan County 
Agent, Cheboygan County 
Agent, Chippewa County 
Agent, Clinton County 
(ON pe hay steve hore er te Sears Os aie ice ile cub ete sus etelt sacs suis a ons n Sley ear o Otoe Oa Tee 
Agent, Dickinson County 
Agent, Eaton County 


NTA PE NETIC tre CO LIL Vanvors coct a e¥aieus ead Sl eie oc) o/sais (siavern Phoveva a etete v's Siete cut als ae eye eucthn erctens 
Agent, Genesee County 
Agent, Gladwin County 
Agent, Gogebic County 
Agent, Grand Traverse County 
Agent, Houghton County 
Agent, Huron County 
Agent, Iron County 
Agent, Jackson County 
Agent, Kalamazoo County 
Agent, Kalkaska County 
Agent, Kent County 
Agent, Lapeer County 
Agent, Lapeer County 
Agent, Lenawee County 
Agent, Livingston County 
Agent, Luce County 
Agent, Macomb County 
Agent, Manistee County 
Agent, Marquette County 
Agent, Mason County 
Agent, Mecosta County 
Agent, Menominee County 
Agent, Missaukee County 
Agent, Missaukee County 


PAPO te VLONTOCY GC OUMEVE Gs hic.oe So clecdet ye lave erie BeS Ole sues bie ister wie Bow accwuseoado os 


Agent, Montcalm County 
Agent, Montcalm County 
Agent, Montcalm County 
Agent, Muskegon County 
Agent, Muskegon County 
Agent, Oakland County 
Agent, Ogemaw County 
Agent, Otsego County 
Agent, Ottawa County 
Agent, Ottawa County 
Agent, Presque Isle County 
Agent, Presque Isle County 
Agent, Saginaw County 
Agent, Schoolcraft County 
Agent, Shiawassee County 
Agent, Shiawassee County 
Agent, St. Clair County 
Agent, St. Clair County 
Agent, St. Joseph County 


2 | 


Sa) eis) 06/016) 6 ).0 0).6 0.0: 0 2 «#619! 9: vi 0 4!,00 6 © © 6186 viele 


BI) 


36 


STATE BOARD OF AGRICULTURE. 


TABLE No. 12.—Continued. 


Home demonstration agents: 


‘Assistamt:. leader >i 20o ape2 eer ood. a cove ores sattey acai w ok a vane rel eaelieh abate ta te raetetepian oceania te evista ahem teal ete otter 
‘Agent, Allegam County. in sii. sak etodeeienots siete ele orate oi enerebe tan eieache cs Peitomene Renee eeiae renee tore 


Agent, Chippewa County 
Agent, Dickinson County 


Arent; GogeDic!COUNL YZ tte esac stele susie e eisee fereyaie sus. elerane Wisse ate CTR ote anche cual orasnalekeeernte 


Agent, Houghton County 
Agent, Kalamazoo County 


Agent, Manistee County 


Agent, Oaklands Count ys oisecicccclos ie scecstarotoe aie cteleinrs Sinner aie ale toncis elancia SeEMte Siem orenoe 
Agent, Ottawa County caw oe eters ik «olsun ch srsieh eae Ses aus ehaasve ia ateaevenetinteteaninn aoe atarenceoteetene oer 
Arent, St. Clalit County pent. ck cte cea halctoue te nlaiarahaveela Se eaatebe okt ohana tote mie ee nie coe acne 
Agent, Wayne County tier: excrete terete ie ou chess re cater oto orl eroatn oie teieieneparea emer ter 
Stenographers 5s /scc2 ie hcole levers e are elle: wi apets: bel esse ra ohne nd ovens colt poumtomebe case samared slacomnaleetenmeretens 


Boys’ and girls’ club work: 


State leader 
Assistant 
Assistant 
Assistant 
Assistant 
Assistant 
Assistant 


Agent, Baraga County........ ITO OC DR OLE O DOM OLA TOD ODA TO UDA LC 
‘Avent; Branch County -iik.scic ee etele oetetahele ote eee ete a oaerel all Die aire are be ettereieraie aes arenes 
Arent, Calhoun Coumtyiesrs 3 viietals..erece riences wie, bere eet le ate e mTo Us ae lta non a Penrecedenereashele 


Agent, Cheboygan County 


Arent; Maton County, sc eteyara al orictoneto-e etches to cae aclelesalcxeie eo teuelcr eke tedetor otter hot distotate cree homers 
Agent,\Genesee:: COUMEYA 6. ic:crcgata d sromie is, vivre els © wieta a Siwy ole ei ew tesemteha ats opctnreen oneie oeeaereiets 
Agent: Gorebic; COUNEY cs screech ae ee eee eee ree eer ce EI eer 
Agent, Hillsdale. County. ./alircte pareierstuere cnerseoakenusie els owl oteie erataiine or ckencachetsiei el sane teers tae 
BA) ah Pe 0) Suk Oa) Le a PRA eee en ate n ion A Reta M eat 5 aE aR icy et err nd OLY CAS OOOO tha DIO Oe 
Avent} Iron (COumty-s4 05.2 bree icterstotate of », ola obese cl gteteascs raat acy scsi kalo teas ene reoael oneen ae gene 
Agent, JACKSON ‘COMUNE Eciaeis atelaretokejo sara Na lereterenats oto roienaie euateneteaetonoede te toiede eicaatetorerererede 


Agent, Jackson County.. 


APONTE STU COUCOUMEY rots tate crete eNOS So ete arte Le heer eee eee ena Ce nee eee ole oretenenetree 
Arent, Mienawee: COUNBY «cis claro.» ale oiie © ie aleve ee Poseso ohare oonele aie cele yMncresalc navel pert eacariete 
Avent; Macomb County. wos sets okies bis Gis Srnec oe eee On itnine Sane 


Agent, Osceola County 


Agent, Saginaw County 
Agent, Schoolcraft County 


Agent, Van Buren Cou 


Agent, Washtenaw County 
Agent, Washtenaw County 


Agent, Wayne County 
Agent, Wayne County 
Stenographer........ 
Stenographer........ 


MNEs a's lovenelce, opbrecete.avawete ototeler apenstclnconerere dei eereiene renin che Lenainaous nanoyetotebe tate 


Stenographers. is wis. sisue wrstalusee eis Wee weirs Re ery seus SPL RS oe nal tee eicantone screens 


Home economics: 
State leader......... 
SPeClalist= | ener 
Speclalistwan. ohio 
SPECialiSt tote 
Stenographer........ 


Farm crops: 
Specialist. <2. aontseel. 
Specialists. 4c 
SHeclalist? psec cee 
Stenographer........ 


Live stock: 
mpecialistace. kta ae 
PPECAlIStA cate rae 
Specialistyec sos ce 


Horticulture: 
Npeclalisty. os. 
Specialistas +. eee 


Potatoes and vegetables: 
Specialists... peak 
Specialist 


Control insect pests: 
Specialist. 
Specialist 


eee eee wee eee 
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TABLE 12.—Concluded. 


Farm management demonstration: 


SS PUesead eb Pty eerie eH eit cru creat TUGEa vie tv (o Asaushala suatw.oxe She terete aro. win Sy Mealens tale os ora, US So ee wwe eda $750 00 

PL HOP Tee HEN a shaee crate rretartar are are Me Taverare, Seca ohn sl. ey eres a2 eacuees Sone aleve lS aa Qresie Ste ele ome 600 00 
Household engineering: 

STPREG CUB So le pics DEE OC OIE an cic ICS Ce URE OE IRENE CORE CECI ICR aCe ae 2,808 71 
Markets: 

TERED ET See ttn ce taper Ne hers Recetas Se hain oe Sibi) Sate seuctoteecetete te tevace fet crave tots aiaicins oie) ale) ane euakeysie @ eee 2,431 25 

BYELECE ANAS tae ee ee ey ier enter Nenetalie, Me vore chek or oie Sonal aitene cave fell auncotebee ois ae ein eve der they or ye ake feeb a wsdiacsueie 2,600 00 

SUPREME RCRPLSS Ln oe See eevee w santate rasan cach tan avin alene cover ianetone io bhatt clo arora ole; Svea lh Shlece arene, sinus 2,910 30 

RATT EGELS Uaeetrer archon iene cis ty cherie c fies Liste aliane’ tie, ONOPaie Totes) even ote pone aaa’ or alieatiel o0, cira)'Sairoi 6) sive lena apaue ate Spare 454 95 
Poultry: 

SEVERAL ILL Stites ee MR MeN areye ehope di otever eee Gvele wokere  erbey stoevaiel oa are ashecl ae tottveend ond o custo wie o Syaus, aes 1,251 25 

SE ESE QML ERDDLLO Dest Parca tan Saou a ete ae tes Soni ategsl al ocche ceed STONE" Ohba 5) Sisuse e We wiele ore ainkoley Sears 150 00 
Soils: 

PRCIALS Get rics aici: Pam tocreterstels afer oraterote. Oras een ee Tat Tove eS te Gere Sow Smet eG DIS 1,600 00 

EST CMALSULAN U7 MEI eR cr oeaacilone seicauley sha ticiaatel OOPS) e ler eel ene cPeraknr Sfotasecde vas wine, decai slcrard en eieNel wyelgien as 1,200 00 

STIL MEL ei avert stot tactee a) ain alter Medak hare euohe sage tenho hares. capi didierens wd le hw earttemare ace 675 00 

SLOT IEA san 95 SIS RSD oe hong. SIRE RE NOTE DAO BIE aR RCE o SHE SI RENEE Reichs Chace ERC IS Sree erie Crna $178,384 12 
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SUMMARY OF COLLEGE INVENTORY, JUNE 30, 1921. 


Buildings and lands: 


College farinvand park sG2t acres) praca eek nity Cee ere eee Cae Wat $67,100 00 
hots. 2. siands4, River Bend - addition .sosee ees eee ee eee nee oe eee ; 00 
Athletic field.'and. drive; US "acres Foe vera nz. clt wcceei ocean ate ele om cle eco Ee ine 1,300 00 
320-ACreS SWalnp Lam ie cee hee ecole ie eae cee en et a See eee 960 00 
Purchased C.D: Woodbury, farm; 19116; 308:82) acres... 2 se. 55. acletouin tenes cine 38,602 50 
1 acre more or less formerly belonging to Harrison, adjacent to campus............ 2,000 00 
Purchased: int OWS) 2AeACres eis, 4 cutee aie cere encgatats ciarabene Or aie CLs eR Reieneieteroe cree 3,375 00 
50,359 acres, remainder of land grant not formerly carried in inventory........... 251,795 00 
Buildings: : 
Library-and museum built ylSS Lye cscs cia ote eleieislb cereale siesta eR ec eee 22,000 00 
Wells Hall rebuilt -U905—0G oe iis Sade ois sols cca tole hse aee ee wre Diener 55,000 00 
Abbot: Hall} builtel888iadditionsin 1896)./...c05 . sie eta arein ce siete re en oe meri 15,000 00 
Chemical laboratory, built in 1871, south end addition in 1881, east end addition in 
TQ UD a: Sees c eames seca Siees tore sikader ceed na ole Sig us volte eterapane alte Phee oie eI ene et ieee 35,000 00 
Veterinary laboratory, builé:im WSS5 2 iexictenc see cra sow a co teserel na te oe ere es er tee 5,000 00 
Horticultural laboratory abuilieiSSSe or ee ee eee ecto ee nna 7,000 00 
Entomological laboratory, built 1889; improved 1897. ................000cceeeee 7,500 00 
Botanicalilaboratory, built 1892; improved 1909) .\...<.00 ces cusle ees etn easieiene deve 20,000 00 
ATMO AO UME ASEH in, ses, cose cna averece teacups Statin e deee Poco a tee cls Seem ESLER ORO eee 6,000 00 
Greenhouse and stable, built 1873, 1879, rebuilt 1892 and 1902................... 6,000 00 
Presidentsiand: two irame dwellings) DUUt LS74o ne eccoecere nicuineletescie cle cioneysuriniens 12,000 00 
Six brickdwellings, built: 185771879 ands S84er.,..eisle wn eevee oes Ce eee 18,000 00 
One frame: house; DuUilt: ES85).0j. stopevetees eleee eee eae ete, Se Sloe ORY orc eraueeuae ena 3,500 00 
One frame WOUSEs isa as eres oper eho Brea toners gE coisa oie eee aero eee ne 2,500 00 
Howard: Lerracesd welling built SSS. c anan ee es oie conocer eee 13,000 00 
Harm ‘house-dwelling "DuiltslSGOr.12 veces concrete niswerale ceatec oth Siew aetehes nen GA eh erie 2,000 00 
Herdsmamn'sidwelling built SG Zens. rioters ote eines macteretniene nae ena 400 00 
Horticultural bam and)shed,, built) 1868, 1875 and) U877 sac52 oe ee ne cae cee 1,200 00 
Bull Barns TEDUUP GO Bs asec tecstee cee Se Chala on Rares ee Reese eine ee 1,500 00 
Sheep Darn; ‘rebuilt OO ail oe ccraverceteccelatel oct onan or cea tene Roe too eRe co een 2,500 00 
Horse barn built lOO a oe stasis ees wie core are 5 etait a eee SEN, Oe oa I eee a a os 5,000 00 
Grade herdtbarn-repuilt 905.2 08 cite cee. « crore acter iste santo ete cence CICERO 4,000 00 
Pigeery:;, TEMWULCELIOT Swi Pee sre see oe eels a oe teree OR ere ee Ine eitaee re Sennen teat 1,500 00 
Dairy.barn:) rep uiles1 900. Ns «esd sued matics fvcla's, Sots sie ee tore tot ebeverais oie ya eee iene 4,000 00 
arm mechanics: bulldings built USS om cca cotton orectemicicecitere raise ineaecoie nie ee eae 1,500 00 
Poultry house; built T90Gs,.S°. cer rapens iol coc alate hnasvousdskeo lense eee ence macro ene 1,000 00 
INGUDATOL FOUsE} DUE UOSOG ss cescicv a aye os hana cles Ne reteset an omelet 500 00 
Poultryshe: sey built AGO Tec eae cecce artic ahah to econo pei ore wvallo. SUC nCE UeE acie o enIe 1,500 00 
‘Three pou) sy houses; built L907.) erswcce cuesovevavels, eeie ce csteake he Sine cemetery eee ae 300 00 
‘Ten brooder houses, built 1908...055 .hesG Meee ee eee eee 250 00 
Corn barm, Built! 1878 7 6 Sc cioe cs Hove vevsahotenaye, alas level tee tepedars Sictolerel termine tore ee mere 400 00 
Stable; Duilts894) 24. Secs eee he oes lene. cventua late atae UNO aoe oe TEES Pan er aC eS 200 00 
Brick work shops built; 1857s 4s 5 ciahd sjosciniogrcncioeor ook ne eh ee eon 500 00 
Observatory, Duilt ASSO se nk is icketcroetedernia iets cs Tous eeoMe Nea eles Ne eee a Ree ee 100 00 
Bath houseiandufittings; *Duilt [O02 Se sve gce esc tevcrns tere eter tenet ate eae ene 17,000 00 
Hospital; built: V8O4st.. 2 Seis Aan teiel. Soece ane thane mado ele tony he ee ee 3,000 00 
Waiting roompand -Dookestore, Dull 1902 aeten pyar terete ecm earner eae 1,700 00 
ONE VSILOL, oi cia hok ee Pak wR ese hehe aeaie ome oes eee ee et eee eee PE ee ae ee 200 00 
Womensibuilding, Duilt, UQOOE Ss 5) a) orcvntesouaes sce teceeuese 2 me uavaneteie wieNaee er cine erento rac ails 91,000 00 
Horestry (building, builf:U9OO sodas oe sretera has ete esbualey aleiote eiateveuavenetn ie Se meer reac 15,000 00 
Bacteriological building, built 1902 27,000 00 
Powerhouse; ‘butl ta 904s ck Se rewetateree an elena bole ea areca euatahe eae ioe tai hemerana ee 25,000 00 
Tunnel:systera; Duilt 904 a5 si. aerators onesies Ohorelene nthe Gat vaNiocnaeelo eae Pe oh ere ene 45,000 00 
Coldistorage; rebuilt 1905 sxc tote re arcte eee aoe enavole, cl 2ance ive naa RT oie eee 2,000 00 
Iron:bridge over Cedar River, built, 1888 3.05. 2en weale che cheers oe eee ee neers 1,500 00 
Bridge tora thlette Meld’. [7 vorsacaciens, one ater weie Soe isha atere Ghee ee era one eee 500 00 
Manure’ shed x. is -Po ote ea ee eine Dee Le aia Who dole. Tee EO Eee 600 00 
Four hospital.cottages; but 909 ny. ena eee Cen eee Roe tatrevinerathenouey e 6,000 00 
JAeaato lho pesy Ule)bud obi at-a) obi hia RU eens Sacks a pacman oo eoronboAmaconodson. es 182,000 00 
ANUG: SHO, "NOs Ur on igs cuese rater ees tote slass Atal so! dTosce oXO GARR a le CREWE GUE ERNST ores Pea eT eRe 500 00 
Bigrery for serum produchOniaasien.oss cae se ee Oe On Een ate 1,000 00 
TMwotenant dwellings; built 1912 soto seit oare erore re eee ee ee eee 2,400 00 
New dairy building; built, 19130. 2. ota. aero oe een One hioe see 55,000 00 
BUTS SiO, NOs: Dist occ.o ayiy «sake ane Bem eirapa esate ale. olere ss tee Tegaye Ge eres ene CRT ec Oo mete cs ee 600 00 
Pileisilox NOs 3 sje. cette eee aeolian ne Suita aie teeta oreeteRerantererars 600 00 
Zi Cement (Stave. SHO. co Aciene acre reeeger ene Shey te tenel eines ee SPN Ie unas here Ee eee rae 800 00 
MOLESETY [PAGkKINe MOUSE e257 Sikhs, codes erecta a eae oe Oe On ee oe eRe a eae 1,000 00 
Veterinary laboratory, {1904 ach accesso teioe ene ee ee tee 33,000 00 
specialichemicalilaboratory 5.0 ts acclaeoice eke Pere ee er on eee 800 00 
Rech Olds Halljofenrinceering, built 191 Gees. acm eee ete eee: 155,000 00 
Shop No. 1, built 1916 26,400 00 
-Shop No. 2, built 1916 15,750 00 
Shop No. 3, built 1916 14,500 00 
Gymmnasinm, Dulle WONG eee Bicieroaccain'c one tie eee ee oe nie nt en Lee eres 220,000 00 
Motal 2. cen ahave tage lelve Ge lola anya ate'versation s)jsvelss¥eha:-atintie’ve lonertenanenraatleuelie te tciem mua rey she ets meioneeenanere ae $1,569,832 50 
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SUMMARY OF COLLEGE INVENTORY.—Concluded. 


Division of agriculture: 
MBPATLIMEHAOL SLTICUMMEAL COUCAUON 2. a5 cclet cm clelnie cdicle tee a GGle ners suelsiteeesces 
MEOALLINeH G Of AMINA DUSDARGRY 2 50. ic.. cel wWars oie sete cig ame lelee wield eaineecwies ss scnewels 
PREP ALUIMEU OL alts LISD ALLEY ats vec tiar sca) Scat oay ar Fc sjiecaxes © aster clellelfler ale apeteie's ysis eae oie 
See te Che relerri es Seaton ete ects os see, aie, Stic aiGies, fis evkvereal dfevole iste axe Mav aw) yc leverd cye'd 8s 
PIP HAGUE GO tet AEDT CT ORNS etre ts (co) rats orci oi =' ol alse lotwneselenecelele share ofcie s enthsielaw cu » 
Die REL CHE OL EMT ANOGIBOLSES etre cats Seer os. e Worererete he wisi lavanee aval eo teuse wee sss 
MenantmontOl fArmsmeciaril esse cits: oie clemies. hs co eles ial. cus hehe elalé ee ca sec cles. 5 bs 
PC AELIMON LOL LOLCADE.U > Shogo Nar avers ole ol fn) a. 5: oes eyetensieie.« cleus of. e eisre stele Sistas ole wine se 
MIBRAEL Hey Ol NOCH LUTON eters eters cate aia fare el Ses.ci cesta tame a euay ravage eters orev ahde, 2's e 
PEDATLINICTIC Ole DOLL Va TSI AIIGL Vite oie tea) o.oo oto) cette atl Sa, nln, ose Toqel Zana Ss shel nciere™ 
BIA AKEIMEN LOL SOUSerin en te erccreeer ae Soe dO oe nels Sos Pins Beetles odie Seed se od apse 


Division of engineering: 
Meparementiol Gl Vili GneIMCSTING > 2 «ia. 2 eee sisis iis «chee eel ale Telare ereNeus oa) vie wis. ele iche's os siete 
PTI COTOMEE LEI TOLCAIT Roma tera a ae et Ree aU mower clfetetia tee cubs Peuetch bar's okay se. doiats, aubiisis SD erewe oy Ore 
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11,859 
10, 254 


18,856 
2,834 
10,285 
20 , 462 
88,019 


71,075. 


22,380 
4,650 
6,585 


19,274 


28,500 : 


68 , 343 
254 
1,347 
11,195 
648 
896 
305 
8,392 
2,300 
14,766 
12,944 
33,239 


17,529 
6,933 
3,874 
5,998 
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REPORT OF THE DEAN OF AGRICULTURE. 


To President F. 8. Kedzie: 


During this college year the greatest depreciation in prices of farm products 
occurred. This tended to dim‘nish the general interest in agriculture and 
depress educational efforts along this line, because of lack of funds to support 
young men and women in educational institutions. Despite this fact our 
enrollment was very gratifying indeed, including a total of 737 in the reg- 
ular four year course and 500 in the special short courses, making a total of 
1237 for the year including the summer session. Continued interest was 
manifested in the re-establishment of graduate study. During this year I 
participated in presenting a vocational guidance course to freshmen during 
the winter term and also the subject of Farm Management for short course 
students. 

The following statistics present a classified statement of the enrollment 
within the division during the year: 


Advanced Weenee. =: 265 's oe eee te nee, bie SD ee eee i 
GraduaretSundentsens atc 6 tas oes os fe ee eee et eee ee LO 
Graduating Molasses ae ahs a (ek ee cee ae ean ace 106 
SEIMOEGi he ek, Metra t fits. s4 oaks othe apy atte te Ree 87 
BRITONS ore ee aici) hace apthn cm Sy tee Se tees ee ee 87 
DOD HOMIOTER 295-95 Sete tsk oye a aes es et a ee 1238 
SPATS ENIAC che asta ess v See acs Savanah ats Che PEs SSS lee ee 197 
SeetaIS Titer ae UNS es red Bal URE cS Ure eee oe ae PAA 
SIME TI SESSION see 20 PAF oo Silshe nde sik ote eam Se Rese oe or 99 
—— 737 
Sixteen Weeks’ Course in General Agriculture, First Year...... 88 
Sixteen Weeks’ Course in General Agriculture, Second Year..... 56 
Kight Weeks’ Course in General Agriculture, First Year........ 47 
Eight Weeks’ Course in General Aer iculture, Second Year.. Ea brie 19 
Kight Weeks’ Course in Dairy Manufactures... .. 4:2. abies te 
Kight Weeks’ Course in Dairy Production. . MW ri icone hbo 
Hicht. Weeks’ Course tn Horticulturetss:t- «2.4...eera- ne pene oe 20 
Bicht Weeks’ Course in.Marm Mechanits:.. .<4.0e-s.o0e se ee 
KowlWeeks’ Course: in, boultry A... st ot ios ee eee 25 
Two Weeks’ Course in Cow Testing and Dairy Barn Management 19 
Two Weeks’ Course for Ice Gream Makers......02:2 22000... 39 
Kirsh! ruck and ‘Tractor:Course ..5". 25. Get eee ene aks 82 
peconaslruck and ‘Practor Course.u =) «t-.ee > oes Cee ee 7 
500 
1,237 


As usual many meetings of farmers and stockmen were held at the in- 
stitution including the State Association of Live Stock Breeders and Feeders, 
and the Crop Improvement Association. These activities were largely stim- 
ulated and directed by the personnel of the division. Much aid is given 
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these associations through official representation largely in the form of sec- 
retaryships. A number of public auction sales of pure-bred live stock were 
held at the College during the year, thus bringing to the institution many 
stockmen who would not have been attracted by other interests. The An- 
nual Farmers’ Week was conceded by all to have been the greatest success 
of any. A special feature worthy of mention included the parade repre- 
senting the interests of all divisions of the institution. 

We are still feeling more and more the cramped condition of the Agri- 
cultural Building, which, of necessity, has to accommodate numerous de- 
partments not included within the division. We still feel that relief cannot 
be adequately furnished until a livestock amphitheatre and farm mechanics 
building are provided. The need of removing the piggery to quarters across 
the river is constantly increasing. 

During this year the Department of Farm Management has gotten under 
way and is now furnishing service along investigational and educational 
lines so long badly needed. It is most earnestly hoped that these activities 
may provide a long felt need, by way of service to the student and farmer. 

The Dairy cepartment is undergoing 2 reorganization under the able di- 
rection of Prof. O. E. Reed, who assumed charge of the department May Ist. 

The Soils department has assumed additional responsibilities in connec- 
tion with its State soil survey work and has already achieved creditable 
success in this line. 

Our endeavor continues with a policy devised to eventually place all de- 
partments on an equally strong and symmetrical basis. 

Respectfully submitted, 
R. 8S. SHAW, 
Dean of Agriculture. 
Kast Lansing, Michigan June 30, 1921. 
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- REPORT OF THE DEPARTMENT OF ANIMAL HUSBANDRY. 


President F. 8. Kedzie, College: 


Dear Sir: 
I have the honor to submit the following report of the Department of 
Animal Husbandry for the year ending June 30, 1921. 
The following table gives a summary of the teaching work carried by the 
staff the past year: 


Days Hrs. per No. in 
Fall term. Sect. per wk. week. class. Teacher. 
Axl tate. Act iee soe fal ae: ae eer | 3 5 64 | W. E. J. Edwards 
VA GE eB nce lee eeseets D-Sitieh asses 3 5 68 | W. E. J. Edwards. 
New) 8 [Roa ai aee nese Mi ide ene Oe. ctor. 3 5 B 61 | G. A. Brown. 
AGED SDT? 2 23 the TE pee Soe | Be el ore ae se 3 5 69 | W. E. J. Edwards 
y/-NBe) & Kee a mse Rt tera ere hapten are Leen ey 5 8 40 | G. A. Brown. 
Short course: 
BER NV evs Che soe cae iilceces meme ee 5 5 55 | W. E. J. Edwards. 

i BE eattecses ahaa ste taille eee ee ¥ 10 70 | E. B. Hill. 
Winter term: 

Acs TEL VEL arava eusreets tere Wists-Sa°euershele’s Out 5 8 14) Gea pion. 

HANSEL coVlis aie cha cee eee Ce SR 6 5, eae 5 8 25 | G. A. Bro 

TAS AE ID Vee cee ee, See 1 Ae toes Sicha ee 5 5 vi Brown ae Hawardel 
Short course: 

Stud ysor breeds: mec annlock eee 4 8 38 | W. E. a Saab 

SHUG YA Ofsb yes: tote |lacte ac eeoteene 5 10 43 | E. B. 

Stock judging......... 8 weeks..... 5 10 BYE |W leita 16p Mackie. 

Stock judging-o.....5.. | 16i3weeks: >. 5 10 38 | W. E. J. Edwards. 

Heedine oe sus maaeie els oe ee a eae 5 5 43 | W. E. J. Edwards. 

SLocksmanarement=. alec ne wee aces 3 3 40 | W. E. J. Edwards. 
Spring term: 

BAY SEL VTLS Shoe aeste eonrn | eS ano aehare eee 5 8 28 | G. A. Brown. 


During the fall and winter terms, Mr. E. B. Hill rendered material 
and valuable assistance in the work of teaching the short course classes. 
Even with his help, however, the work of the department was quite heavy 
for the personnel, necessitating larger classes than are desirable. If the 
student is to get the most out of his work and come in close personal contact 
with the instructor, a larger personnel must be provided the department. 
The large amount of class work during the fall and winter terms also pro- 
hibits the members of the department from assisting in any extension work 
or attending livestock breeders’ meetings in different parts of the State. 

The institution is rapidly outgrowing the capacity of our present judging 
pavilion and in order that we may give our students better instruction and 
meet the demand of the livestock men of the State for a place where they 
may assemble for educational purposes, it is to be earnestly hoped that the 
institution will be able to erect a larger stock judging pavilion within the 
next year. 

At the present time we are feeding some steers to be exhibited at the In- 
ternational Live Stock Exposition at Chicago, which we feel will make a 
very creditable showing for the institution. However, if we are to become 
a serious contender for high honors and build our herds of sheep, swine and 
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cattle up to the standard of perfection which they should attain, it will be 
necessary that a larger fund be appropriated each year for the purchase of 
breeding stock. 

We are also handicapped for room, especially with the swine. The present 
swine barn is not only located in too close proximity to the classrooms on 
the campus, but the lots surrounding it, which are used for forage purposes, 
have been grazed continuously by swine for fifteen years and are overflowed 
by the river each year making it practically impossible to conduct any forage 
crop experiments. I would earnestly recommend that the swine barn be 
moved across the river at the earliest opportunity, and not less than twenty 
acres be set aside for experimental work in swine production. 

Respectfully submitted, 
GEO. A. BROWN, 
Professor of Animal Husbandry. 
Hast Lansing, Michigan, June 30, 1921. 


REPORT OF THE DAIRY DEPARTMENT. 


President F. 8. Kedzie, 
Michigan Agricultural College, 
East Lansing, Michigan. 


Dear Sir: 

I herewith submit a brief report of the work of the Department of Dairy 
Husbandry for the year ending June 30, 1921. 

Associate Professor J. E. Burnett was appointed acting head of the de- 
partment on the resignation of Professor A. C. Anderson and held this po- 
sition until May Ist, 1921, when O. E. Reed was appointed Professor of 
Dairy Husbandry. 


The personnel of the department has been as follows: 


O. E. Reed, Professor of Dairy Husbandry. Appointed May Ist, 1921. 

J. E. Burnett, Associate Professor of Dairy Husbandry. 

O. T. Goodwin, Associate Professor of Dairy Manufactures. 

H. E. Dennison, Assistant Professor of Dairy Husbandry. Appointed April 
Ist, 1921. 

C. E. Newlander, Assistant Professor of Dairy Manufactures. Appointed 
January Ist, 1921. 

R. W. Wyant, Instructor in Dairy Manufactures. Resigned September 
Ist 1920. 

Hilda Kellner, Instructor in Dairy Manufactures. 

E. B. Hint, Superintendent of Official Testing. 

F. T. Riddell, Research Assistant in Dairying. Transferred to Dept. of 
Farm Management, March Ist, 1921. 

Stanley J. Brownell, Research Assistant in Dairying. 

Wm. J. Kurtz, Assistant in Dairying. Transferred to Dept. of Farm Man- 
agement, March Ist, 1921. 

A. J. Howland, Assistant in Dairying. Transferred to Dept. of Farm 
Management, March Ist, 1921. 
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ADVANCED REGISTRY. 


The official testing for the fiscal year has been very satisfactory. The 
year closed with 87 herds on semi-official test, representing six breeds and 
showing an increase over the previous year of 67.3% in the amount of semi- 
official work. There were 1330 seven-day records completed and reported, 
showing an increase over the previous year of 11.9%. In the seven-day re- 
ports are included 59 ‘‘over 30 pounds of butter’’. 

There were six new state records made by Holstein cows as follows: Seven- 
day milk record for mature cow, fat records for seven-days senior three-year 
old class and senior four-year old class, the milk records for seven and thirty 
days in the junior three-year old class, and the 365 day milk record for ma- 
ture cows. 

The big demand for supervisors came in the middle of October and lasted 
until the last of May. At one time during the year fifty-three supervisors 
were engaged in making tests. 


EXHIBITS AND FAIRS. 


The department made an exhibit at the Michigan State Fair at Detroit 
which created considerable interest and favorable comment. An exhibit 
was made showing the amount of food a cow consumes to produce one hun- 
dred pounds of milk. Exhibits of feeding stuffs were displayed showing 
the value of high protein roughage in feeding dairy cows. A large display 
of dairy products also attracted a good deal of interest. 

Johanna Mutual Girl No. 260901 and College Butter Boy No. 293508, 
two Holsteins from the College herd, were shown in open competition, with 
the result that Johanna Mutual Girl was awarded first prize in the aged 
cow class and Grand Champion Holstein Female of the Show. College 
Butter Boy was made Junior Champion of the Show. 

The Farmers’ Week exhibit at the College was so well received by pro- 
ducers and manufacturers that it was duplicated at Grand Rapids during 
the meeting of the Michigan Allied Dairy Association. Most of the credit 
for these exhibits belongs to Mr. Brownell and Professor Goodwin. 


DAIRY BARN. 


Official and semi-official tests have been continued and one cow, Colantha 
Mutual Queen, made an official record of over 32 pounds of butter in seven 
days. More farmers and dairymen have visited the dairy herd and the herd 
has been used more for instructional purposes during the past year, than at 
any other similar period. 
. Respectfully submitted, 

O. E. REED, 
Professor of Dairy Husbandry. 
East Lansing, Michigan, June 30, 1921. 
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REPORT OF THE FARM CROPS DEPARTMENT. 


President F. S. Kedzie, 
East Lansing, Michigan. 


Dear Sir: 

The preparation of the report of this department for the fiscal year ending 
June 30th, 1921, is a matter of unusual pleasure and interest, since in my es- 
timation the efforts of the members of the department to develop stronger 
courses and fit our instructional work more closely to the needs of. the State, 
have met with considerable success. Particular effort has been made to 
strengthen our required courses, which are foundational. 

The expansion of the area of land available for the Farm Crops section for 
experimental purposes, has heen accompanied by an increased strength along 
instructional lines. The close proximity of our experimental fields has en- 
abled us to make use of our full range of crop experiments in teaching work. 
A very considerable proportion of the tractation work of our fall and spring 
courses consisted of carefully planned work in the field. It is my firm opin- 
ion that in order to get the most benefit from lecture work, reference assign- 
ments, and laboratory studies in Farm Crops, opportunity for the study of 
crop production and crop experiments in the field must be offered. 

Briefly stated, the instructional work offered consisted of the following 
courses: 

Farm Crops 1, Cereal Crops:—This is our foundational course in cereal 
crops and is required of all students of the Agricultural division. Partic- 
ular effort is made to present in a broad way the agronomic importance, 
methods of cultivation, and other facts considered of importance relating to 
cereal crop production. The lectures were given by myself and the labora- 
tory work was conducted by Mr. C. E. Cormany. Substantial additions 
were made to the laboratory exercises and equipment. 

One-hundred and seventy students were enrolled in this course. 

Farm Crops 2, Forage Crops:—The lectures in this course were given by 
Assistant Professor C. R. Megce, and the newly established supporting lab- 
oratory exercises were directed by him with assistance from Mr. C. E. Cor- 
many, and senior students taking the course in Agricultural Education. 
Numerous new lantern slide lectures on the use of crops material, specially 
collected during the previous growing season, added greatly to the value of 
this course. 

One-hundred and twenty-nine students were enrolled. 

Farm Crops 3, Advanced Cereals and Grain Judging:—This course was given 
in the fall term, thereby making it possible to include many field trips of 
value. The main object of the course was to familiarize students with char- 
acteristics of good and bad seed, impurities found in the seed, the identifica- 
tion of varicties, and best methods of cereal seed production. Assistant 
Professor A. L. Bibbins was in charge of this course, assisted by Mr. C. E. 
Cormany and Mr. J. R. Duncan. Students enrolled forty-two. 

Farm Crops 4, Advanced Forage Crops and Special Michigan Crops:—This 
course was given during the spring, providing opportunity for the study in 
the field of pasture, hay grasses, and other forage crops. The study of po- 
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tatoes, sugar beets, and other root crops made up part of the course, but 
during the coming year these crops will be covered in a new three-hour op- 
tional course for juniors. This arrangement will give more time in the spring 
for the consideration of forage crop problems and special crops, and enable 
us to give a much stronger course in potatoes, sugar beets, and, other root 
crops. The course was given by Professor J. F. Cox and assisted by In- 
structor C. E. Cormany. Students enrolled thirty-four. 

Farm Crops 5-A, Advanced Genetics in Relation to Plant Breeding:—A 
larger number of students than usual elected this course, which may be con- 
sidered as sound evidence of the increased interest which is being taken in 
plant breeding work, as developed by Professor F. A. Spragg and Mr. E. E. 
Down. ‘This course was given in the winter and was followed in the spring 
by Farm Crops 5-B-Plant Breeding. Six students took this course, which 
in view of its advanced nature may be considered a very satisfactory class. 

Farm Crops 6:—The first half of this course was given over to the study 
of crop adaptation, ecological studies, and crop rotations and management. 
This part of the work was given by Professor J. F. Cox, Mr. G. W. Putnam 
and Mr. C. E. Cormany. The second half was given over to grain stand- 
ardization and marketing work. Professor A. L. Bibbins gave this course 
with assistance from other members of the staff. Students enrolled, thirty 
eight. 

The short courses in Farm Crops were given by Assistant Professor C. R. 
Megee, Mr. C. E. Cormany, and Mr. J. R. Duncan, and a special instructor. 
Ninety sixteen weeks’ men and sixty-nine eight weeks’ students received 
instruction in Farm Crops. 

Respectfully submitted, 
COX, 
Professor of Farm Crops. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF FARM MECHANICS. 


_ President F. 8S. Kedzie, College. 


Dear Sir: 

I have the honor to submit the following report for the year 1920-21. 

That part of the report pertaining to Farm Buildings and Conveniences 
is given in detail by Mr. Fogle, and the matter on Power and Farm Machin- 
ery by Mr. Sauve. 

It has been found necessary to devote some time to reorganizing the work 
of the department in order that it may be put in a position to render 
better service in the wide range of subjects which fall to this department. 
Agricultural Engineering includes applied matter from almost every field of 
engineering, so it has been thought best to divide the work into three groups 
in each of which the matter is more or less related, i. e., Buildings and Con- 
veniences, Power and Farm Machinery, Drainage and Land Clearing. 

Rearrangement of the office space into small offices for these lines of work 
and also for extension work, has made concentration possible. 

Considerable time has been devoted to the reorganization of courses. It 
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has been impressed upon us for some time that to meet even in a small way 
the opportunities before the institution, some specialization must be made 
in farm mechanics. An option in farm mechanics was therefore arranged 
by the addition of one subject, Cement and Concrete, and by increasing the 
credits in three others. We now have a fairly complete group of subjects 
and teaching personnel. A possible addition would be the outlining course 
in Agricultural Engineering in which the major part of the undergraduate 
work is basically engineering. 

Meeting the varied demands in the short courses has become a difficult 
problem with limited space and equipment located in several buildings. 
In some cases it has been necessary to carry on two laboratory sections at 
one time in the same room. ‘Tools, material, and equipment require a high 
overhead expense for keeping in place and condition for class work under 
these conditions. 

The attendance in the Tractor Courses was excellent considering the trac- 
tor situation. It has been our purpose in this course to train tractor opera- 
tors, and to present the tractor in such way as to encourage its development 
from a sound business basis. 

The Farm Mechanics Special Eight Weeks’ Short Course had an attendance 
of thirteen. Good interest was shown and it is believed that the special 
training given in this course can be made immediately applicable to farm 
and home problems. 

It has been my good fortune to have the heartiest cooperation in the de- 
partment from all the staff, and I wish to express my appreciation of this 
support in the highest terms. The transfer of Bert Sangster, Laboratory 

“Assistant, to the Mechanical Engineering department as instructor in black- 
smithing upon joint recommendation of myself and Professor Dirks, has 
been a loss to the department but it is thought that Mr. Sangster’s experi- 
ence in machine shop, blacksmithing, and farm repair work should especially 
fit him for the position assumed. 

In Farm Drainage the course of instruction has been revised and now in- 
cludes the relationship of the single farm as a drainage project to the town- 
ship, county, and state. 

Some work in Land Clearing is to be included in the new course in Farm 
Drainage. It is hoped that the employment of an extension specialist, Mr. 
Lawrence F. Livingston, in this field will stimulate interest in it and con- 
tribute to the subject matter in the course. 


POWER AND FARM MACHINERY. 


The work in gas engines and tractors during the past year has been very 
satisfactory. The student enrollment in this work has been very gratifying 
to the department, and we believe the results obtained in our instructional 
work have been largely due to the fine spirit of cooperation of the gas engine, 
tractor, and accessory manufacturers who have gladly made loans to us of 
their equipment. We are indebted to these people as well as to Dean Bissell 
and Professor Dirks of the Engineering department for the splendid assis- 
tance given us in the use of their equipment. 

In addition to the regular courses in gas engines given in the fall and winter 
terms, there were two courses offered in trucks and tractors each of four weeks 
duration. Out of an enrollment of 150 students attending these special 
classes, fifty were men of Russian parentage who were preparing themselves 
along mechanical lines that they may later assist their home land in a more 
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scientific agriculture. Foreign press reports speak highly of the instruction 
and treatment accorded these students by the College. 

The work in farm machinery was given as usual during the spring term 
with a good enrollment. Considerable emphasis was placed on the new 
features in the development of farm machines. 


FARM BUILDINGS AND CONVENIENCES. 
Instruction. ° 


The courses in Farm Buildings and Farm Conveniences for the short 
course and regular students were given as outlined in the catalog. Mr. H. J. 
Gallagher gave very efficient assistance in the work with the short courses. 
The lengthening of the course in Farm Buildings for regular students from 
three to five credits and making drawing a prerequisite, will greatly strengthen 
this work. A laboratory has been equipped with farm conveniences which 
is a material aid in presenting this work. 


EXTENSION. 


In cooperation with the Extension division sample books of the blue 
print plans available from Farm Mechanics department have been supplied 
to each county agent. 

Respectfully submitted, 
H. H. MUSSELMAN, 
Professor of Farm Mechanics, 
East Lansing, Mich., June 30, 1921. 


REPORT OF THE DEPARTMENT OF FORESTRY. 


The President, Michigan Agricultural College. 


Sir: I have the honor to submit the following report for the Department 
of Forestry for the year ending June 30, 1921. 

The work of the department has been very successful during the past year. 
The course was thoroughly revised. A number of new subjects were intro- 
duced and the number of credits called for in many other subjects was 
changed. This revision has worked out most satisfactorily and has, I 
believe, greatly strengthened the course. 

Mr. G. A. Garratt was appointed Instructor in Forestry to take the place of 
Mr. F. H. Sanford, who resigned on December 31. The teaching work for 
the year was as follows: 


Number of Number of 
classes. students. 
Ae KC IGbenGen =... oe oe rf 242 
Be Butirick..2%2 =. es 7 106 
OEE SANGER cnn tS a 1 (Fall term) 6 
Mere, Cr MERA Gu sats eins. 7 (Winter and spring term) 116 


The forestry summer school was held on the lands of the East Jordan Lum- 
ber Company, near Green River.. The company furnished us with the use of 
buildings for sleeping quarter, mess hall, kitchen and classroom and also 
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furnished practically all of the equipment needed to operate the camp, and I 
wish to express our appreciation of their courtesy. There were twenty-seven 
students in attendance and the quality of the work accomplished was very 
high. The summer school session in forestry was reduced to four weeks 
which, since the work is required, is in many respects better than a seven 
weeks’ course, as it allows the student more time to himself during the sum- 
mer. The work consists of field work running steadily from 6:00 A. M. to 
5:00 P. M. so a very large amount of work can be accomplished during the 
four weeks. 

The forest nursery was operated as usual; planting stock amounting to 
99,000 trees having been shipped during the year. The yield of maple syrup 
in the sugar bush was that of an average season, and a considerable amount 
of cord wood was removed in thinnings in the south woods. The wood lots 
are both in excellent condition. 

During Farmers’ Week a wood lot conference was held at the College. 
The meeting was very successful and will, I hope, be followed by others of 
the same kind. 

The number of students in forestry has increased considerably during the 
last two years and we find ourselves badly hampered for lack of sufficient 
laboratory space. Much of our equipment cannot be used to the best advan- 
tage for lack of room, and the students are very much crowded. 

I wish to express my appreciation of your many helpful suggestions and 
encouragement. during the year. 


Respectfully submitted, 
A. K. CHITTENDEN, 
Professor of Forestry. 
Fast Lansing, Mich., June 30, 1921. 


REPORT OF THE DEPARTMENT OF HORTICULTURE. 


To President F. 8. Kedzie: 


Dear Sir: 

It is a pleasure to report that the work for the past year has been marked 
by new improvements and developments in the Horticultural department 
and that the year as a whole, has been a very successful one. 

At the beginning of the school year we were fortunate in obtaining the 
services of Mr. R. E. Marshall, a graduate of the Nebraska State Agricultural 
College and a post-graduate in Horticulture of Oregon. During recent years 
his work has been along extension lines as Director of Horticultural Exten- 
sion in Virginia. ‘The services of Dr. Newton L. Partridge have also been 
utilized in teaching a few courses during the winter months which did not 
interfere with his experimental work. 

We offered for the first time a course in the Geography of Horticulture 
in the fall term which proved very interesting and instructive. The course 
in Commercial Horticulture given during the winter term was offered for 
the second year and has proved to be one of the most desirable courses in 
our present curriculum, particularly for students interested along marketing 
lines. ‘The courses offered during the past year and the number of students 
attending each are noted in the following table: 
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Hours Number 
Class. Subject. ‘umber per students 
3 week. enrolled: 
Fall term: 
Sophomore agriculture. .| Fruit growing....................- 2 4 159 
Junior agriculture...... POMOLOLY seit hoe ees ae oe an ons 4 7 22 
Senior agriculture...... Advanced pomology..............: lla 7 20 
Senior agriculture...... Advanced landscape gardening..... . 12a 5 a 
Junior and senior, H. E..| Landscape gardening and floricult’re. 14 7 27 
Senior agriculture...... Geography of horticulture.......... 15 5 21 
Senior agriculture...... Landscape gardening practice....... 17a 10 7 
Winter term: 
Sophomore agriculture. .| Plant propagation................. 3 4 130 
Junior agriculture...... Greenhouseingustry~ oa: ses oe eee 5 ti 22 
Senior agriculture...... Advanced pomology.-.2-. 45.255 11b ff 21 
Senior agriculture...... Advanced landscape gardening..... . 12b 5 6 
Senior agriculture...... Commercial horticulture............ 5 21 
Senior agriculture...... Landscape gardening practice....... 17b 10 6 
Spring term: 
Junior agriculture......| Landscape gardening............... 6 7 23 
Senior agriculture...... Plant breeding pe ees feck 4 7 20 
Senior agriculture...... Advanced pomology......:...002. lie 7 20 
Senior agriculture. ....:| Advanced landscape gardening...... 12c 5 6 
Junior and senior, H. E..| Plant propagation and veg. gard’n’g. 13 i 0 
SeHlOI Se aa te eae | Landscape gardening practice...... 17¢ 10 6 


In addition to these regular courses, instruction was given during the 
summer school as in previous years. During the winter term Mr. Stanley 
Johnston, in charge of the South Haven Experiment Station, took charge 
of our short courses and we are pleased to report that his services were very: 
efficient, and we believe this new arrangement of having our Superin- 
tendent from the South Haven Station devote his energies to teaching during 
the winter term, will prove a very satisfactory one, both to the department 
and to the students of the short courses. This will prevent the necessity 
of engaging inexperienced and new instructors each year for short course 
teaching work 

We have also continued the work of teaching the Federal Aid students; 
some of these students joining our regular classes, but most of them being 
handled in separate classes and most of the instruction being given to them 
in the form of laboratory work. 

A number of important changes have been made in the courses of study 
in horticulture for the coming year. The fundamental purpose of these 
changes was to make many of the courses offered by this department 
during the junior and senior years available for other agricultural students, 
and to enable the students in horticulture to elect work in the other tech- 
nical departments of the division that is desirable in preparing them for a 
special field of service. Some courses in Soils, Commercial Fertilizers, and 
Farm Management, offered during the junior and senior years, seem as im- 
portant to the horticultural student interested in fruit production as to the 
student specializing in farm crops or animal industry. These changes, 
therefore, that have been made in this department together with the changes 
made by the other technical departments of this division, will enable students 
to gain a more general agricultural training in preparation for high school 
agricultural teaching or county agent work, as well as to permit a greater 
intensification of the courses for those desiring stronger specialization. This 
increased flexibility of the Agricultural and Horticultural departments we 
believe to be very desirable. 
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The Horticultural department is still handicapped by the lack of proper 
facilities in offering instructional work, and we feel that these facilities must 
be provided very shortly if this department is to maintain its enviable po- 
sition throughout the country for the efficiency of its horticultural teaching 
work and the success of its graduates. The past year the inefficiency of 
our cold storage plant made it difficult for us to provide the proper supply 
of fruits for classroom study, and also for storing fruit for exhibition purposes. 
Our cold storage system has gone to pieces and the building itself is in such 
poor condition that it does not seem feasible to expend the money required 
to repair our cold storage system. In view of the fact that the department 
has reason to expect a new horticultural building within the next few years, 
when it is planned to have a cold storage as a part of the building, it seems 
necessary to get along as best we can until this time arrives. We are handi- 
capped also for proper laboratories to teach work along horticultural products 
lines, and proper greenhouse facilities for teaching work in vegetable garden- 
ing and floricu!ture. 

While these matters have been called to your attention in previous re- 
ports, I wish to emphasize the fact that as time goes on the needs become 
even more pressing, and therefore I must repeat the importance of providing 
these oe if the success and development of this department is to be 
secured. 

It is a pleasure to report that the work of Associate Professor R. E. Mar- 
shall; Assistant Professors Thomas Gunson, R. E. Loree and N. L. Partridge; 
Extension Specialists, H. C. Moore and T. A. Farrand; and Miss Mary Rozema 
has, as in the past, proved very efficient. The writer wishes to express his 
appreciation for their support and cooperation in the work of the department. 

Very respectfully submitted, 
CP: HALLIGAN. 
Professor of Horticulture. 
East Lansing, Michigan, June 30, 1921. 
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REPORT OF THE DEPARTMENT OF FARM MANAGEMENT. 


President F. 8. Kedzie, 

Kast ance! Michigan. 
Dear President Kedzie: 

During the vear the Farm Management department was organized and 
certain courses where taken over from other departments. Agriculture 2 
given in the Dean’s department and Agricultural Economics 3a given in 
the Economics department were combined, and given under two courses 
in the new department. One of these courses taking up the question of farm 
organization and farm accounts, and the other course has for its objective 
the study of such other business problems as farm contracts, farm credits, 
insurance and other related subjects. 

One course in Marketing was also taken over. It deals with the general 
theory of marketing as applied to and effecting farm management problems. 

A new group of studies in the short course was also arranged for and is 
called the Farm Business Course. In this course the following subjects 
are given: farm management, farm accounts, rural credit, agricultural 
arithmetic, farm insurance and farm business problems. 

Very truly yours, 
H. M. ELIOT, 
Professor of Farm Management. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF POULTRY HUSBANDRY. 


To the President: 

Dear Sir: 

I have the honor to submit the following report of the Department of 
Poultry Husbandry for the year ending June 30, 1921. 


BUILDINGS. 


At present we are making use of twenty-four buildings for poultry work. 
One house 18 ft. by 184 ft., one house 16 ft. by 84 ft. with two stories and 
basement, three houses each 16 ft. by 24 ft., three colony houses each 6 ft. 
by 8 ft., ten portable colony houses each 10 ft. by 12 ft., one house 20 ft. by 
20 ft., one house 14ft. by 28 ft., one house 10 ft. by 14 ft., one house 12 ft. 
by 24 ft., and one house 20 ft. by 80 ft. with basement and one house 18 ft. 
by 20 ft. 

Our laying quarters cover 6,182 square feet of floor space and will ac- 
commodate 1,550 hens. We have 1,484 square feet of brooder space that 
will accommodate 5,000 chicks. 


EQUIPMENT. 


The department has operated twenty-five incubators during the year. 
Both the hot water and hot air types are to be found in our laboratories. 
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A coal stove brooder system is mm full use in the poultry plant. There are 
nearly 3,500 chicks upon range (June 6). 

Upwards of 800 head of fowls have been kept for commercial, educational, 
and investigational purposes. The leading breeds that have been kept for 
investigational and breeding purposes are as follows: Barred Rocks, 163; 
White Leghorns, 496; and Rhode Island Reds, 53. The following breeds 
have been kept for demonstration purposes: White Wyandottes, 13; Buff 
Orphingtons, 14; Brown Leghorns, 25; Miscellaneous, 46. 

Ducks: 5 Pekin, 23 Muscovy (Colored) and Muscovy (White), 5 
Mallard. 

Geese: 5 Toulouse, 2 Emden. 

Pigeons: Ten pairs of White Kings are being bred in order that informa- 
tion can be given to the State upon the possibilities of squab raising for market 
purposes. 

Turkeys: One pen (1 male, 4 females and 11 young) is being bred by 
J. W. Hemans, Onondaga, for the College upon virgin soil. 


EDUCATIONAL. 


Poultry has been taught to college students during the entire year. Fed- 
eral Aid men (40 in number) have been taught for two hours daily for twelve 
weeks. 

Two short courses have been conducted during the year with good suc- 
cess by way of numbers, and I believe followed with interest among our stu- 
dents. A breed test of laying ability was started on,November 1, 1920 and 
will close on the evening of October 31, 1921. There are twenty-four pens 
in the contest, each containing five hens. These were selected from flocks 
found in sixteen counties. 

The 116 hens are trapped daily. Reports are mailed to each farmer whose 
hens are in the contest, every Monday morning, along with descriptions of 
methods of feeding and management. Monthly reports are sent to Agri- 
cultural and Poultry Journals for publication. Great interest is taken not 
only in the weekly reports but the monthly ones as well. 

From November 1, 1920 to the evening of May 28, 1921 (thirty weeks) 
116 hens (four having died) have laid 12,070 eggs, all of which have been 
sold for market purposes. 


PRU RECCIVEMEs eerie Ce vcgic ott. ss. deeb $582 . 90 
Amount: paid forteed) 22, gan v.25 eho) ae 181.10 
Prontor labor IMcome:. 2.0.66 cat. ss  etOL.80 


Average per hen $3.46 for the first thirty weeks. 

During the year a fine building 20 ft. by 80 ft. has been added to the de- 
partment. This building will provide classrooms and laboratories, and will 
fill a long time need. 

The laboratories are being equipped for next year’s work and when com- 
plete will afford opportunity for doing a much higher class of work which 
will strengthen both classroom and research work for the College. 

Respectfully submitted, 
C.H. BURGESS, 
Professor of Poultry Husbandry. 
East Lansing, Michigan, June 30, 1921. 
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REPORT OF THE SOILS DEPARTMENT. 


President Kedzie: 


Two new courses are being outlined, the one on commercial fertilizers re- 
quired of all junior agricultural students, and the other on muck soils to be 
offered to seniors. It has heen deemed advisable to introduce these courses 
because of the rapidly growing use of commercial fertilizers in the State, and 
the agricultural future of muck lands. In order that these and other courses 
offered by the members of the department may be satisfactorily presented, 
greenhouse space is imperative. 

Certain members of the staff are desirous of attending other institutions 
to undertake. graduate work. This attitude certainly is commendable and 
if done should strengthen the organization. I trust that the administration 
will see fit to make it possible for this to be brought about. 

The results obtained from the various lines of endeavor are on the whole, 
gratifying. We are able to meet only a relatively small per cent of the re- 
quests for the inauguration of experimental and demonstrational projects 
on soils, and for information derived from such. Especially is this the case 
where the lighter soils of the State are concerned—consequently we are in 
need of an assistant to act as leader in this work. 

The members of the Staff again desire you to know that your interest in 
the various projects and your timely suggestions are appreciated. 

Respectfully yours, 
M. M. McCOOL, 
Professor of Soils. 
Kast Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEAN OF ENGINEERING. 


Dr. F. 8. Kedzie, President, 
Michigan Agricultural College. 
Dear Sir: 
I have the honor to present my fourteenth annual report as Dean of En- 
gineering. 
Personnel. 
Civil Engineering. 
H. K. Vedder, Professor, 
C. L. Allen, Associate Professor, 
C. M. Cade, Assistant Professor, 
R. G. Saxton, Assistant Professor, 
W. W. Hitchcock, Assistant Professor, 
B. K. Philp, Assistant Professor, 
F. A. Gould, Instructor, 
J. F. Gibbs, Instructor, 
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Drawing and Design. 


R. K. Steward, Professor, 

C. Newman, Associate Professor, 
L. N. Field, Associate Professor, 
A. G. Scheele, Associate Professor, 
Miss C. Holt, Assistant Professor, 
J. W. Steward, Assistant Professor, 
J. E. Robertson, Assistant Professor, 
E. H. Stewart, Assistant Professor, 
C. L. Brattin, Assistant Professor, 
J. Rising, Instructor, 

O. W. Fairbanks, Instructor, 

M. B. Chapin, Instructor, 

Miss E. Butler, Instructor, 


Electrical Engineering. 


A. R. Sawyer, Professor, 

M. M. Cory, Associate Professor, 
L. 8. Foltz, Associate Professor, 
E. E. Kinney, Instructor, 

R. D. Wyckoff, Instructor, 


Mechanical Engineering. 
H. B. Dirks, Professor, 
W. E. Reuling, Assistant Professor, 
G. C. Wright, Assistant Professor, 
V. W. Hewlett, Assistant Professor, - 
P. J. Baker, Assistant Professor, 
A. P. Krentel, Instructor, 
A. Watt, Instructor, 
J. A. Eicher, Instructor, 
G. J. Posthumus, Instructor, 
D. T. Millard, Instructor, 
W. L. Watt, Instructor, 
C. N. Rix, Instructor, 
E. C. Crawford, Assistant. 
Changes in Personnel During the Year. 

Mr. Andrew Watt died during the spring vacation after a brief illness. Mr. 
Watt served the College faithfully and well as instructor in forging and horse- 
shoeing in the Farm Mechanics department from 1909 to 1916, and there- 
after as instructor in forging in the Mechanical Engineering department. 
He had the respect and friendship of all college people during the years of 
his connection. 


Mr. Watt was succeeded by Mr. Bert Sangster, transferred from the 
Farm Mechanics department. 
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Enrollment. 
Official figures for 1920-21. 


Chem. E. C. E. E. E. M. E. Total. 
| 
DOMLOT 2s ete cise tae ee Oe ere olen 5) 27 15 21 68 
VAUGIOL. ee nee nee 10 28 20 26 84 
Sophomore no3 soe aa ee ene aioe 24 29 49 44 146 
reshmenisisty i; 3: ee hics eee eae Beene 28 65 59 56 208 
i | 
MO talS ernetee perio eee ete note as ae 67 149 143 147 506 


The fluctuation in total enrollment and graduates in engineering for the 
past few years, including the war period, is shown by the following: 


1915-16 Total 407 Graduates 66 


1916-17 380 65 
1917-18 300 34 
1918-19 245 20 
1919-20 460 48 
1920-21 506 65 


The total enrollment of 1919-20 and of 1920-21 is in excess of any pre- 
vious figures, the previous peak having been reached 1912-13 with a total 
of 450. 


Courses of Study. 


The catalog, now in press, presents a few changes, suggested and enacted 
as a consequence of experience with the new courses inaugurated in 1918-19, 
and fully effective during the past year, viz: 


Senior Year. Spanish, History and advanced Military Science have been 
added to and French dropped from the optional group of 3 credits per term 
for three terms. 


Freshman Year. Chemistry increased from 4 to 5 credits in winter and 
spring terms. Drawing reduced from 5 to 4 credits in the winter and in- 
creased from 3 to 4 in the spring term. History and Political Science drop- 
ped from the spring term, and Current Events to alternate with English in 
the winter and spring terms. 

In my opinion the courses are too heavy for effective work and should be 
reduced to 16 or 17 credit hours per term. 


Equipment. 


No notable additions to the material equipment of the departments have 
been made. 


Short Courses. 

Cooperating with the Farm Mechanics department the Mechanical En- 
gineering department, in February and March, conducted two four-weeks’ 
‘‘Truck and Tractor’’ courses which were well attended. 
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Summer School. 


The experience of the past few years indicates that the work in engineer- 
ing subjects during the summer session is not taken by enough students to 
pay for the trouble and expense entailed. 


Special Activities. 


Home Builders’ Conference. Jointly with the Farm Mechanics depart- 
ment, the Division of Engineering extended the facilities of the College to 
the Portland Cement Association, Jan. 18 and 14, 1921, for interesting and 
instructive lectures, discussions, and demonstrations relative to the use of 
cement and concrete in house building. 


Lectures. Col. H. C. Boyden, U. 8. A., addressed the Civil Engineering 
department, students and instructors, on the subject of ‘‘Cement and Con- 
crete.’’ 

Mr. F. I’. Burroughs, ’09, General Manager of the Mutual Fire Prevention 
Bureau, Chicago, on Mar. 1, 1921, addressed engineering students and teach- 
ers on ‘‘Insurance Engineering’’ and two days later on ‘‘Fire Prevention 
Methods.’’ 

In addition the departments have benefited by impromptu talks by practical 
men in their respective fields of work. Many of these speakers are alumni 
of the College. 

The student branches of the American Society of Mechanical Engineers, 
the American Institute of Electrical Engineers, and the American Chemical 
Society have met frequently. 


Needs. 


Besides the usual and reasonable requirements of the departments for new 
apparatus, I mention the subject of experiment station, and additional build- 
ing space for certain features of the work, as worthy of serious consideration, 
and I am hoping that I may be called upon to present these needs in greater 
detail before very long. 

Respectfully submitted. 
G. W. BISSELL, 
Dean of Engineering. 
Fast Lansing, Michigan, June 30, 1921. 
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REPORT OF THE CIVIL ENGINEERING DEPARTMENT. 


President F. 8. Kedzie, 
College. 


Dear Sir: 

For this department the year just ended shows a very satisfactory record, 
whether measured by past experience or by immediate results. Student 
endeavor seems to have returned to normal zeal and purpose; the teaching 
staff has met its part of the college program with commendable efficiency. 

The department teaching staff for the year included the names listed 
below in the order of seniority of appointment. There were no withdrawals 
during the year. To complete the record, it must be noted that in the fall 
term, Mr. R. O. Van Orden was engaged as student instructor in the field 
work of surveying for two hours per week. 


H. K. Vedder, C. E.., Professor of Civil Engineering 

C. M. Cade, C. E., Assistant Professor of Civil Engineering 

R. G. Saxton, C. E., Assistant Professor of Civil Engineering 

W. W. Hitchcock, C. E., Assistant Professor of Civil Engineering 
B. K. Philp, C. E., Assistant Professor of Civil Engineering 

C. L. Allen, C. E., Associate Professor of Civil Engineering 

J. F. Gibbs, B. S., Instructor in Civil Engineering 

F. A. Gould, C. E., Instructor in Civil Engineering 


The tabulation which follows will answer all questions with reference to 
the teaching schedule, the number of classes and the attendance therein. 
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CLASS WORK—CIVIL ENGINEERING DEPARTMENT FOR COLLEGE YEAR 1920-1921. 


r FALL TERM, 1921. 

Number 

Class. Subject. Noiat Instructor. oe en students 

in class. 
Sophomores. ...| Surveying (class).............. OL ta anna Gippserne nae tcriema ere see: 2 25 
Sophomores. ...| Surveying (class).............. Gen SitaeProtae bile setae cate cece oles ve Sacre 2 21 
Sophomores. ...| Surveying (class).............- Geld IE ial Ee CaCl.’ Caio nesancgeenncnosc 2 21 
Sophomores. ...| Surveying (class).............. Gahila seMriGipbst oc: atocer ae eisistan apes trees 2 23 
Sophomores. ...| Surveying (class).............. GE Sass ain Golde nase eraers nutioeecers 2 PAL 
Sophomores. ...| Surveying (class).............. (Gra! Da ERS (GY Sake Chl] oe Renee Bona emeere 2 15 
Sophomores. ...| Surveying (field).............. (CHD. MEG ee \ 2 28 
Sophomores. ...} Surveying (field).............. (CoH asl Wire Goulds syste sm cisistsiose te Se ane 2 19 
Sophomores. ...| Surveying (field).............. C. E. la. { Me Gould... eee ss ck \ 2 22 
Sophomores. ...| Surveying (field).............. CoHiilas. ae ee on eee ; 2 22 
Sophomores. ...| Surveying (field)... ........-.. C. E. la.. ae Relay hey See ies eye } 2 23 
Sophomores. ...| Surveying (class).............. Gone tbs. |. Mrs Gibbas- occas. vateciectelice cae once 2 19 
Sophomores. ...} Surveying (class).............. (OU Heo] i a (CroG Ee eo opoencononasnoncoee 2 18 
Sophomores. ...| Surveying (field).............. C. E. 1b.. Prof Garton. So Sabie api \ 4 18 
Sophomores. ...| Surveying (field).............. C. E. 1b. \ ene Her tes Hes \ 4 19 
Juniors Mechanica: ters cease coh Cabs 4a-.| Prorepailen sy cesctcres ceeucesies's nee’ 5 13 
Juniors Mechanics! re.<s)ecracss etc e ss Orb yaaa erorsA Henry. ess camera sae araees 5 9 
Juniors. . AVFGCHATITON( tins) ce cclierc ae ers niece GR Aa Al Prot Canis cone ce ce os een eaten 5 14 
Juniors. . Mechanics seme stat cieaeas See Cans 4a | eProfebitehcocks a-i.0 502 ace oce ote: a 12 
Juniors. . Mechanits: cs. ctkiccetice: nce Con aate tePromr Allen ace te. citi lesee itv cvororarinetens 5 11 
Juniors. . Mechanics............. Con aas)|Prot, Pape eo eicetelelelssitees)steie'cet & 8 
Juniors Ady. surveying (class) CSE Ga ol broek Caderos nce <n ace nclatisitttee 2 14 
Juniors Ady. surveying (class)......... CB Ga (eee Ofe EATPCD COG re eleroreiers ove) irtor= el si- 2 13 
WUMIOTS. ¢ 62-2 Adv. surveying (field).......... C. E. 6a.. eee ee ee ee 4 13 
Juniors........ Adv. surveying (field).......... C. E. 6a ero. ae Berea et a 4 14 
Seniors........ Surveying methods (class)... ... Cone Protein p* 2). aptactatcctatesreisitale ere ere 3 9 
HeENnOTS.y. 2.ce- Surveying methods (field)... ... GEE. 2.) Prof, Philp: 22.2. ae 4 9 
Seniors........ Graphic statics (class).......... C. E. 4d..| Prof. Allen...... 2 25 
Seniors........ Graphic statics (field).......... C. E. 4d.. { St 4 25 
Seniors........ Pivdrailichescn sec cnaccenoeca: Cone 5so4|\brof. Saxton cesn ce ccs wee daeeee 5 11 
Seniors........ ivdrautics se erat ees. disrceeie is CREE Gay. | Prom Saxton sso ce cacdleidec ociacerier 5 17 
Seniors........ Hydraulic laboratory.......... Ghnhie | eprotwaxtonbec eerie eee cee 4 26 
Seniors........ Bridge stresses;...)/ css ccaen ss CSAs | Merota Vedder a jarcctcroe a cctotas leiehe 3 15 
MENIONS Geeta): Bride stressesess ascecccc ceric Cor Basa|\tbrots Vedder avec cvsiclsiesisisre7e-0.e <xreete 3 14 
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CLASS WORK—CIVIL ENGINEERING DEPARTMENT FOR COLLEGE YEAR 1920-1921. 


Class. 


Sophomores. ... 
Sophomores. .. . 


Sophomores. ... 


Sophomores. .. . 


Seniors, Juniors. 


UNINIONS: eis sere 
JUNIOKNSs . se oe « 
JuNIOrS) esse oe 
JUNIOFS=......--- 


Junlorsne- -ao- 


Seniors........ 
Seniors........ 


WINTER TERM, 1921. D 
: No. of No. hrs, | Number 
Subject. scat Instructor. - Semele ue 
Sand, cement and concrete (class)| C. E. 16a.| Prof. Allen........................ 2 23 
Sand, cement and concrete (eclass)| C. E. 16a.| Prof. Hitchecock................... 2 15 
Sand, cement and concrete (field)| C. E. 16a. { pret eae eae Ts } 4 12 
Sand, cement and concrete (field) | C. E. 16a. { Be ae pee tee OSE as } 4 26 
Agricultural engineering........ CG, ES3a.. |abrot Cadena meek eealsaste eee 3 26 
Mechanics! s- <a. Oh<ae cece Cuab) | Prob ilps: <5. cose aoe eae 5 11 
Meehantessers.sis ccnntoe ano ee Cohe4bs. | Mir Gibbs: . coscc noone cece eee ee 5 9 
Mechanics, fc 0. sacceneee CsRe4b:- | eProk: Gould!as5-* 4. coc eee cee 5 9 
Mechanics =o ao-% uoeecicceacnee Cis 4bs. || prota Hitchcockes peck 10 eee 5 15 
Meclianiess. 4-01.48. 2a eee Chbvab:.\|pProf Philp. s2scoee ses, eee deee coe 5 12 
Mechanics 45..00s124 5 eee Con sab. uivires Gibbs sag <sc.c ante Saree ee ets 5 8 
Mechanics. 1.0.0 ce cao = Ck DiC Haye (EN eae) cod ed 1 LO en RE pe he am 5 13 
Sewerage (class)............... Gab sg s brof Gould: eet eo ee 3 15 
Sewerage (class)............... GE S19)s|-Prot.|Gould.e 2 0. season se eiton 3 12 
Topographic mapping (lab.):...| C. E. 7a.. a Ree eS eek eR Perea \ 6 29 
Bridge analysisand design (lab.).| C. E. 8b..| { prof peters ----2-c0cserrees \ 8 26 
Masonry and arches (class)... . . Cet. 9a. | WProfrAillens= se sore ire 2 11 
Masonry and arches (class)... .. CH 9a,) | (Profs Allenn cn, Gas: sae see eno pee 2 15 
Masonry and arches (lab.)...... C. E. 9a. ee 25k tread aaa \ 4 11 
Masonry and arches (lab.)...... C. E. 9a.: 1 eh “GS Tae ie aaa } 4 14 
Pavements (class)............. CHE. 10.- \mProfsisaxtone. a. ccos one peer Z 11 
Pavements (class)......:.....- CSBs10> Wwerots Saxton: 55 .ene see agents 2 15 
Watersupply.c.os soci. oones cee CLE? 15a: Prof. Cadets caaacreetececseeee 5 10 
Watersupnly?.::c.c ce eeeecerer Co blba: | Profapaxtoul.as.) cesape seceeeee ce 5 13 
State highway construction... .. CSE 20a.) Profs Saxtoninc. cee eee sean eee eee 3 11 
Hachway? lawic tcsc. creases CABS 20b: | Profs paxtont cert see eee 2 4 
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CLASS WORK—CIVIL ENGINEERING DEPARTMENT FOR COLLEGE YEAR 1920-1921. 
SPRING TERM, 1921. 


Number 
: No. of No. hrs. 

Class. Subject. eGamia. Instructor. Ter eee pppees 
Sophomores. .. .| Surveying and leveling (class)...] C. E. 1c..| Prof. Cade..................+--.-- 3 12 
Sophomores. ...} Surveying and leveling (class)...| C. E. 1c..| Prof. Hitchcock................... 3 19 
Sophomores. ...| Surveying and leveling (class)...| C. E. le..| Mr. Gould..................---... 3 17 
Sophomores. ...| Surveying and leveling (class)...) C. E. 1e..| Mr. Gibbs..............-....+-+-- 3 20 
Sophomores. ...| Surveying and leveling (class)...| C. E. lc..| Mr. Gould..................-..--. 3 14 
Sophomores. ...| Surveying and leveling (class)...} C. E. 1e..| Prof. Cade...............-.-+--.-- 3 16 
Sophomores. ...| Surveying and leveling (field). ..} C. E. 1c...) Mr. Gibbs..............-..-.--+- 4 14 
Sophomores. ...| Surveying and leveling (field)...) C. E. Ic..] Mr. Gibbs...................--.-- 4 18 
Sophomores. ...| Surveying and leveling (field)...| C. E. 1c.. { Eee eRe Eos ks ial \ 4 20 
Sophomores. ...| Surveying and leveling (field). ..| C. E. 1c.. { eae. ic get Sera spe 4 18 

. salt j(ProfjHitchcoek:. 7-52-12 1 Bae 
Sophomores. ...| Surveying and leveling (field). ..| C. E. le. NM Goals ais cae es oe i 4 28 
Sophomores. ...| Surveying methods (class)... ... Gah ears Prot Cadesesna ans ecn eras 22 oe 3 21 
Sophomores. ...| Surveying methods (field)... ... Oe ekee | PEEOIS CHOP ar ipeer crelcinre« ieteteaieie > 4 21 
Sophomores. ...| Adv. surveying (class)......... Gativetes | lors Gibbs ascs Sonos sate a ewetee ox 3 18 
Sophomores. ...| Adv. surveying (class)......... (CABG 4 | PEropse bilinear tance gee 3 13 
Sophomores. ...| Adv. surveying (field).......... CoE 6. { eee fade er ac 4 19 
Sophomores. ...} Ady. surveying (field).......... OID Ebe J pee Seon et ee aan 4 12 
Juniors........ Strength of materials.......... Go 40s") Proryborlpe asco. tases biota ees 5 11 
AINMNOTS Ss. 2 Strength of materials.......... Coeds lt Prot caller te aece ta 3c fee: co eee 5 11 
AITTIOES ees ote Strength of materials.......... Che aes Prat re nupee otis ce orate aclora aa 5 13 
AMIOL =e, Strength of materials.......... Cai4en Profs Gould’) ices 1. = sgartcinacins 5 11 
GUNIOTS ca. 22> Strength of materials.......... Comede Prof. Hitchcotkes. 2: >see. sees = 5 13 
ANIONAs cca > Strength of materials.......... CRY 4csa|\v Prof bhp syctesont > sonst tees 5 ) 
DRMNIOKS «oe -.<': Strength of materials.......... OoBa4e. |) Mrs Gibbs! teecadan. sees eoeee at 5 t 
PRATNIORS soe eet Railroad surveying (class)...... CebAee \eProb Saxton. aac see sen aeae F 3 11 
ARUNOTS by2)s +2 = Railroad surveying (class). ..... Ce NE ee APR OL CAG ese oe eles wns saeee ae 3 10 
Juniors........ Railroad surveying (field)... ... Oe ngs oa ands 10 
STMTOES serait 2 Railroad surveying (field)...... CoE. se \UProfs paxtonsc +) o.- 5 r-tes ecco e 4 11 
UITNONG ees a 2ag Astronomy (class)............. Clee |e Profs Vedder. ies oscae sre ace 2 2 12 
RUPIMIOTSS 4-2 i= 3 Astronomy (class)............. Casas Prof Vedder) .52. 527505 2. eee 2 14 
Juniors. ....... Astronomy (field)...........-- C. E. 14.. pee ee Sain ie, core \ 2 12 
Juniors. ....... Astronomy (field)............. C.E. 14..] | Eel Log ae pean he 2 14 
SOMIOLS © <2S 2 Reinforced concrete (class)... . . CAbAtbh:|pbroterAllense;- = "ence tee casas 3 13 
WUMIOES: sires A Reinforced concrete (class)... . . Co: 16b.| Prof itcheock 2 0... 4-2-2 ss.3 20 3 10 
iniors= sere = 5 Reinforced concrete (field) ...... C. E. 16b. { Erol BNET BP Ss 4 10 
SUMIOTS eta Reinforced concrete (field)......| C. E. 16b. { ee re ails ay at ae 4 13 
Juniors, Seniors.| Road construction (class)....... CUR) eProfe paxtomsschies ac taeeea=s eee 2 5 
Juniors, Seniors.} Road construction (field)....... CoBau7s |) Brot Saxtont. gel: cers ott 20n.pa os 6 5 
Seniors........ Thesiss 1h 20 Mt oso Sissel: Gaaatits. (aes ec \ 20 22 
Seniors.......- Contracts and specifications. ...| C. E. 13..|° Prof. Vedder....................-- 3 43 
DENOTE. cies = +" Contracts and specifications. ...| C. E.13..| Prof. Vedder....................-- 3 22 


otek ee etna | Sen tee NE reer wets ae Ren Aa ll havea || eteue waeare Materime ahs wala pane newiaioa ete. 164 612 
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The following text-books have been used in our classes during the year: 
Merriman & Jacoby’s Roofs & Bridges, Vols. I & III; Malcolm’s Graphic 
Statics; Poorman’s Mechanics; Russell’s Hydraulics; Hool & Johnson’s 
Concrete Engineers’ Handbook; Blanchard’s American Highway Engineers 
Handbook; Harger & Bonney’s Highway Engineers’ Handbook; Turneaure 
& Russell’s Public Water Supplies; Metcalf & Eddy’s American Sewerage 
Practice, Vol. I; Hosmer’s Astronomy; Boyd’s Strength of Materials; Allen’s 
Railroad Curves & Earthwork (with tables); Breed & Hosmer’s Surveying, 
Vols. I & I; Elliott’s Engineering For Land Drainage, and Tucker’s Contr acis 
in Engineeri ing. 

The total expenditure by the department during the year for all purposes 
except salaries has been $1,628.06. During the same period the sum of 
$535.00 has been turned in for class and examination fees. Our annual in- 
ventory for 1921 shows an aggregate of $19,138.95 as against $17,965.73 in 
1920. 

Respectfully submitted, 
H. K. VEDDER, 
Professor of Civil Fingineering. 
Kast Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF ELECTRICAL ENGINEERING. 


President F. S. Kedzie, 
_Michigan Agricultural College, 
East Lansing, Michigan. 
Dear Sir: 
I have the honor to submit the following report upon the Department of 
Electrical Engineering, for the year ending June 30, 1921. 


TEACHING STAFF FOR THE YEAR. 
The teaching staff for the department was as follows: 


A. R. Sawyer, Professor. 

M. M. Cory, Associate Professor. 

L. 8S. Foltz, Associate Professor. 

E. E. Kinney, Instructor. 

R. D. Wyckoff, Special Research Instructor. 


Professor Foltz was head of the Department of Electrical Engineering at 
the Colorado Agricultural College, and has given his attention particularly 
to the work of the seniors in Alternating Currents. Mr. E. E. Kinney, who 
graduated with the class of 1915 and came to us after several years of experi- 
ence in the commercial field, has carried the work in Electrical Measurement, 
Storage Batteries, and the D. C. Laboratory. Mr. Wyckoff, who graduated 
last year, came to do some experimental work in Wireless Telegraph and 
Telephony. These three men have added to the capacity of the depart- 
ment very considerably and made it possible for us to accomplish more than 
in previous years. 

The application of electrical principles to industrial work has been so 
broad that it is impossible for one or two men to adequately cover the field. 
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The department planned to establish a wireless telephone station, in order 
to cooperate with the local weather bureau, in giving, by wireless telephone, 
various reports to the farmers of the State directly. We had very little to 
_ start with and considerable apparatus has been made, while some difficulty 
was encountered in getting everything ready because of the novelty of the 
idea. The Department of Agriculture at Washington is now trying out the 
same idea in sending crop reports, prices, weather reports, time, etc., broad- 
cast. We shall endeavor to take this information and send it out by’ wireless 
telephone to the people of the State. 
Accompanying is a class report for the past year. 


FALL TERM 1920. 


. E. la—Elee. of E. E——Juniors in E. E—6 hours of Computation—20 
students—Mr. Cory. 

E. 30—Storage Batter ies—Juniors and Seniors—Electricals—2 hours 
rec.—2 hours of Lab.—36 students—Mr. Kinney. 

E. 35—Electro Chemistry—Senior—Electricals and Chemicals—3 hours 
rec.—4 hours Lab.—14 students—Mr. Sawyer and Mr. Ewing. 

E. 14—Electro Measurements—Juniors in E. E.—2 hours Ree. 4 hours 
Lab.—23 students—Mr. Sawyer and Mr. Kinney. 

. E. 14a—Electro Measurements—Juniors in M. E.—2 hours Rec.—-2 hours 
Lab.—23 students—Mr. Sawyer and Mr. Kinney. 

E. 3a—Alternating Current—Seniors in E. E.—5 hours Ree.—2 hours 
Lab.—16 students—Mr. Foltz and Mr. Cory. 

E. 20—Power Transmission—Seniors in E. E.—8 hours Ree.—17 students 
—Mr. Foltz. 

E. 6a—D. C. Machines—Junior Civils and Chemicals—3 hours Ree.— 

43 students—Mr. Cory. 

KE. 18c—Alternating Current—Seniors in M. E.—2 hours Rec.—4 hours 
of Lab.—21 students—Mr. Foltz. 


WINTER TERM 1920. 


E. 1b—Dynamo Electric Machinery—Juniors in E. E.—5 hours Rec.— 
19 men—Mr. Sawyer. 

E. 14b—Electro Measurements—Juniors in E. E.—2 Ree.—2 hours Lab.— 
19 students—Mr. Sawyer and Mr. Kinney. 

E. 18a—Dynamo Electric Machinery—Juniors in M. E.—4 hours Rec.— 
21 students—Mr. Sawyer. 

E. 3b—A. C. Machines—Seniors in E. E.—5 hours Rec.—18 students— 
Mr. Foltz. 

E. 4—-A. C. Lab.—Seniors in E. E.— 10 Lab. hours—18 students—Mr. Cory 

E. 10—A. C. Design—Seniors in E. E.—6 hours Lab.—6 students—Mr. 
Foltz. 

KE. 12—Elec. Illumination—Seniors in E. E.—2 recitations per week—13 
students—Mr. Foltz. 

E. 15—Ilectro Measurements—Seniors in E. E.—2 Rec. and 2 Lab. 
hours—11 students—Mr. Wyckoff. 

E. E. 21—Power Distribution—Seniors in E. E—4 Lab. hours—138 students— 

Mr. Cory. 

E. E. 25—Communication—1 Ree. 2 hours Lab.—i3 students—Mr. Wyckoff. 

EK. E. 6b—Alternating Current Machines—-3 hours Rec.—4 Lab. hours—43 

students—Mr. Cory and Mr. Kinney. 
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SPRING TERM 1921. 


E. IE. le—D. C. Design—5 Rec. hours—18 students—Mr. Sawyer. 

E. E. 2—D. C. Lab.—Juniors in E. E.—4 Lab. hours—18 students—Mr. 
Kinney. 

E. E. 18b—Auto. Electrices—Juniors in M. E.—3 Ree.—4 hours Lab.—22 
students—Mr. Kinney. 

E. E. 22—Electrical Railways—Seniors in E. E.—4 Lab. hours—18 students— 
Mr. Cory. 

E. E. 26—Electric Communication—1 Rec. hour—2 hours Lab.—10 students 
—Mr. Wyckoff. 

E. E. 28—Hydro—Electric Power Development—Seniors in E. E.—4 hours 
Lab.—15 students—Mr. Foltz. 

Respectfully submitted, 
A. R. SAWYER, 
Professor of Electrical Engineering. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF MECHANICAL 
ENGINEERING. 


Dr. F. 8. Kedzie, President. 
Michigan Agricultural College. 
East Lansing, Mich. 
Dear Sir: 
The following is a report of the work of the Department of Mechanical 
Engineering for the year ending June 30th, 1921. 
The personnel of the department at the end of the year was as follows: 


H. B. Dirks, Professor of Mechanical Engineering. 
W. E. Reuling, Assistant Professor of Mechanical Engineering. 
G. C. Wright, Assistant Professor of Mechanical Engineering. 
V. W. Hewlett, Assistant Professor of Mechanical Engineering. 
P. J. Baker, Metallurgical Engineer. 
BS Krentel, Foreman of Wood Shop. 

auelie Posthumus, Instructor in Wood Shop. 

. T. Millard, Instructor in Wood Shop. 

. L. Watt, Instructor in Machine Shop. 
GN. Rix; Instructor in Machine Shop. 

SAA Eicher, Instructor in Foundry. 

. Sangster, Instructor in Forge Shop. 

. C. Crawford, Laboratory Engineer. 
ay Pearson, Storekeeper. 
Jeehe Hineline, Machinist. 
Miss J. B. Allan, Stenographer. 


You will note that there have been several changes in personnel since last 
year. The resignation of Mr. W. G. Hildorf was probably our greatest loss, 
and coming as it did so late in the summer created an unfortunate condition. 
However, with the appointment of Mr. P. J. Baker, of the class of 1908, we 
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were able to continue the work in the Metallurgical courses formerly carried 
by Mr. Hildorf. 

In order to take care of the new optional courses in the senior year, Mr. 
V. W. Hewlett was appointed to take charge of the courses in Automotive 
Engineering. Before coming to M. A. C., Mr. Hewlett had charge of auto- 
motive courses at Pennsylvania State College. 

The death of Mr. Andrew Watt on March 14th, following an operation took 
from our teaching staff another member whose work was always well done, 
and whose personality was such as to make his loss very noticeable. Mr. B. 
Sangster, formerly tool-room attendant in the Farm Mechanics department, 
however, has proved an able successor to Mr. Watt, and the work of the forge 
shop is being well taken care of, especially so, as Mr. Sangster has had experi- 
ence both in agricultural and engineering work. 

As in the past two years, assistance was again given the Farm Mechanics 
department in the teaching of several courses in the Truck and Tractor short 
course. Instruction was given in Forge Shop and the equipment of the de- 
partment was used in the course in Ignition and Lighting, Truck Engines and 
Carburetion. 

In the summer school courses were offered in the Wood Shop, Forge Shop 
and Machine Shop, but with the exception of a week’s instruction to Manual 
Training teachers in the Wood Shop, the Machine Shop courses were the only 
ones in which students were enrolled. Here thirteen students were registered 
in three courses. 

The principal new equipment obtained during the year consists of two 
electric motors, which have been placed in the machine shop to drive some of 
the government machine tools, purchased last year. In order to make use of 
all the machine tools purchased it will be necessary to acquire several more 
motors, In addition to the above motor requirements, we are in particular 
need of another Universal testing machine in the materials testing laboratory, 
dynamometers for testing automotive equipment, and a switch board for the 
Turbo-Generator. The latter is necessary not only for a proper installation, 
but also for emergency use in furnishing current to the College in case of a 
breakdown in the College Power House. 

The optional courses of the senior year, which were given for the first time, 
were divided among the 23 seniors as follows: Automotive Engineering, 7 
men; Steam Engineering, 2 men; Industrial Engineering, 14 men. Several 
of the men, however, having advance credits, took courses in more than one 
group. The Industrial and Automotive groups are closely allied, and the 
fact that most of the seniors chose these groups was no doubt due to the posi- 
tion which the State holds in these lines and therefore of the probable demand 
there would be for men who had specialized along these lines. 

I wish to express my appreciation of the work of the various members of 
the department, during the past year and wish especially to acknowledge the 
work of Mr. Wright in organizing the new courses in Industrial Engineering. 

The teaching schedule for the year is shown in the tables that follow: 
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TABLE 1—CLASS WORK OF DEPARTMENT OF MECHANICAL ENGINEERING—FALL TERM, 1920. 


Hrs. per Student 
Class. Subject. eee Teacher. week each ae bs hrs. per 
student. | Su@ents. | Week, 

Freshman... .| Elements of engineering...... . a Dean Bissell. eet. rece oe 1 189 189 
Freshman....| Wood shop................- 2d | Mr. ee Mr. Posthumus.. 4 99 396 
ATeshinall: s-||| MOLze SHOP se acercn estes ssts Sd | MrWatts: </Jasetececees aoe 4 101 404 
WUNIOL ese oe | Steam eCNgINeSs. eee ree eel 7a | Mr. Dirks Mr. Hewlett...... 3 56 168 
Senior....... Boilers and stokers.......... Ze | MrDirks scab cence 3 4 12 
Juniors...... Engineering laboratory....... 13a | Mr. Poe Mr. Hewlett. . 4 82 328 
Seniors...... Engineering laboratory....... i3di\MroReulinges eerie cement 8 23 184 
Freshman....| Wood shop...............-> 31 Mr. meena: Mr. Millard..... 5 130 650 
Sophomore...| Forge shop............-...- 41 Mr: Watt.22.\.ce2.ceenee sce 4 86 344 
Senior....... Heat treatment............. 435 1) MraBaker-.ce sees setiasaieee 5 24 120 
Sophomores: 2 HM OUMALY acc, c1c ais .nte!o/s'<!sleraiers 51. |aMrichercceraiceaec cere 4 91 364 
Freshman....}| Machine shop..............- 61 Mr. Wright, Mr. Rix......... 5 69 345 
AWG) seane Machine shop............... 62 | Mr. Wright, Mr. Watt....... 5 20 100 
OnIOrs seen Machine shop.............-- Gay My Wrattrccc ooceccimns: tenets 5 2 10 
SUNION. oc. oe Seminar Se oh. 2 oss 28h eee fay | rE irks \..se eee 2 25 50 
Senior....... HOMMIALE Ss 08 <i cielo stesso Coal MEE DTK cero s aientenie 2 23 46 

Totals aye ctsore de cicioeeaiciae < ssigrnte wo eecieorell Sebi peter | CME oa Seteite el oe tarccteaes ah atesrere liaise cine mers 1,054 3,710 


; Hrs. per | wo of | Student 
Class. Subject. No. of Teacher. week each rodent hrs. per 
course. student. | SUUCents. | Week. 
Senior....... Industrial management...... . baci MroWrehtsa.ceeeere crete 7 14 98 
JUNLOES2 sete Gas engine teen. eee cene 7b) Mrs Hewlett. oc: cmc cee 2 56 112 
SUNIOLS + oe ae Metallarpyjin-eccae sce. eaae Ita: li Mri Bakers. te ete ees 2 29 58 
Senior....... Timber physics.............. bil Mr. Renlings ier eee tonne 5 5 25 
Junior....... Engineering laboratory....... 13bi\| Mir sReuling si. cero acicleeies 4 70 280 
Senior....... Ind. combustion engines...... ive,)| Mrs Hewlett cc serme emt 7 8 56 
Senior....... Heating and ventilation. ..... 18a MroDirks ocr ect neem 3 22 66 
Senior....... Power station design......... Shyer Dirks eee seenerccmeree ce 7 5 35 
Denior seer Costs, accounting, ete........ 18¢) || Deans Bissell: 2 rj-1,0 ceterae coe 2 70 210 
Freshman....| Wood shop..............--- 31 Mr. Krentel, Mr. Posthumus.. 5 47 235 
Freshman....| Wood shop..............++- Ben |e MEs Millard) So5.e eee cst cee 5 70 350 
Sophmore...| Forge shop...............-- 42° 1 UMr- Baker. .cctessniceeiemele « 6 43 258 
Sophmore...| Foundry...........: Ride 52 | Mr. Baker, Mr. Hicher....... 6 51 306 
Freshman....| Machine shop............... 61 | Mr. Wright, Mr. Rix....... : 5 56 280 
syanlor ses Machine shop............... 62 | Mr. Wright, Mr. Watt....... 5 5 25- 
UNIOR eee: Machine shop............... 63 Mr. Wright, Mr. Watt....... 5 20 100 
JUBION acess Seminars: Oca caek wes cle ADI Mire Dinka ane ae ete yori ee 2 23 46 
Senior....... Seminats,..cbhtoes otek eee (2b. Mrs Dirks +): Soebt scree eee oats 2 24 48 
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TABLE 3—CLASS WORK OF DEPARTMENT OF MECHANICAL ENGINEERING—SPRING TERM, 1921. 


Class. Subject. 


Hrs. per Student 
cue. Teacher. weok cach | 9.0%, | lpr 
y student. ; week. 


Freshman....| Woodshop................-- 2d | Mr. Krentel, Mr. Posthumus. . 4 75 300 
Freshman....| Forge shop..............+..- ete PSY Pau teil (Pal gee earye ame Foes 4 66 264 
Senior....... Factory design.............. 5D) ia Mee Wribht: 220 co tyes oe eres 7 14 98 
Junior....... Engineering laboratory....... Plea Mir wieulingws... se accuceete- 4 66 264 
Jdunior...... Thermodynamics............ Nfs |p Mr aDirkse ty osc cee e ate /in 4 50 200 
Senior....... Automotive design........... 17d | Mr. Hewlett....... Se no eeee it 7 49 
f ve Dirks. cette cavers tage 
BS WIE bs Sac lawicerstave '=\< 
Senior....... Technical problems.......... 19a Mrs Bakers cmno.. secccccr 16 23 368 
Mr: Hewlett2 222 e ss). 206-2 
Freshman....| Wood shop...............-- 32 | Mr. Krentel, Mr. Millard..... 5 89 445 
Sophomore. .| Forge shop...............-- ADAM Mrshakere st: oer. sates creas 6 42 252 
Sophomore. .| Foundry..................-- 52 | Mr. Baker, Mr. Hicher....... 6 30 180 
Freshman....| Machine shop............... 61 Mr. Wright, Mr. Rix......... 5 57 285 
Junior...... Machine shop..............- 62a | Mr. Wright, Mr. Watt....... 4 20 80 
ALN) re Beminane acne seh. cienc CLG Mreiirkan ie. cccek socio 2 22 44 
Senior....... DEMMMNAL oF -har cote tareve ois CoG Mir DIRK srs era schstetoyara a ayate 2 23 46 
LEAVEL), ciel lhe Och COC BDO CR OEEF EOC OC OCG DRE Cee inty | MOn REESE DOME: CASE CE neaE a Cnet Ree 584 2,875 


Respectfully submitted, 
HH: -B: -DIRKS, 
Professor of Mechanical Engineering. 


East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF DRAWING. 


President F. 8. Kedzie, 
East Lansing, Michigan. 
Dear Sir: 


I herewith present to you my fifth annual report as head of the Department 
of Drawing and Design for the year ending June 30, 1921. - 
The personnel of the department at the opening of the college year was as 


follows: 


R. K. Steward, C.E., Professor. 

Chace Newman, Associate Professor. 

L. N. Field, B.M.E., Associate professor. 
A. G. Scheele, A.M., Associate professor. 
Miss C. L. Holt, Assistant professor. 

J. W. Steward, B.M.E., Assistant professor. 
EK. H. Stewart, B.S. in M.E., Assistant professor. 
C. L. Brattin, B.M.E., Assistant professor. 
M. B. Chapin, Ph.B., Instructor. 

J. Rising, M.E., Instructor. 

Miss Edith Butler, Instructor. 

O. W. Fairbanks, B.S., Instructor. 

J. E. Robertson, B.S., C.E., Instructor. 
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This year has been one in which we have had an opportunity to work 
with smaller sections and I feel that as a result of this fact, a higher 
standard has been set. There has also been more time to devote to the 
designing and planning of the different courses taught in the depart- 
ment, and outlines and specifications are now complete for all courses to 
be taught next year. In addition to this work, the different instructors 
have put in over 500 hours in the blue printing room in preparation for 
work next year, and have also been doing printing for other depart- 
ments. 

Last year for the first time in a number of years, the sophomore engi- 
neers were required to take a course of 4 hours per week in freehand 
drawing. They did this reluctantly, but this year’s class is taking up 
the work in a different spirit and the results are very gratifying. 

I wish to take this opportunity to again express my appreciation for 
the unanimous support which has been given me during the past year 
by the members of the department staff. 

The following is a teaching schedule of the department: 
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TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN—FALL TERM, 1920. 


Class. Subject. No. Instructor. Hours. ato 
Mechanical drawing AVIS PRVIBEN is ohajercss Satestacc, seerers vans 6 20 
Mechanical drawing Mrs Fairbanks! ies :4 6-day: 6 16 
Mechanical drawing Mr. Brattin 6 15 
Mechanical drawing ....| Mr. Brattin 6 24 
Mechanical drawing............. 4ab-5....| Mr. Fairbanks 6 18 
Mechanical drawing............. ASE Gee We Wa SUCWATG circ iosie 6s-ctarsnnc «1c 6 22 
Mechanical drawing............. Antti ed [ine RARINE ec cute a tele alan ausis 6 18 
Mechanical drawing............. ARERR 28 MES StOWALt os 4c e-cts= stays ecasiee 6 14 
Mechanical drawing............. Batts so) low sa WW SHE WAEG < ay cte veces «care he 6 17 
Mechanical drawing............. Aab-t0ee Mr. Oke WALE. oc oc oc oe ede ccs eis 6 22 
Mechanical drawing............. Aaa hee |p: RIB Se ester= ce ehe wim natch) eo 6 21 
Freehand drawing............... aT Nees Ohignini sot ac. .ceeh cere 6 18 
Freehand drawing............... eto Space | SSS IGT stare acu tet Ae cee noe 6 20 
Freehand darwing.............-. tise Miss'Biitler: (925 tecaues 6 20 
Freehand drawing.............-- prs er Pee: Chapiienitic.c 1 6.s.- fesecees= 6 18 
Freehand drawing.............-- Lie. 2 Mri @hspine tees. c ye ek aca cever 6 20 
Freehand drawing............... 1b-6..... INISaNEL ONES stoke csie cect as dete 6 15 
Freehand drawing..............- 117 Setters! ONE BITC Ce ee ere mies 6 18 
Freshmen.......... Freehand drawing.............-- 18.55 5 Mr haps vane came meer 6 19 
Sophomores. ....... Descrip. geometry.............-- Cs ale Mr. Brattin, R. K. Steward..... 6 15 
Sophomores. ....... Descrip. geometry.............-- Fils Mr. Fairbanks, Mr. Field....... 6 17 
Sophomores. ....... Descrip. geometry PIROMErtSON. cn vomeee sass 6 22 
Sophomores. ....... Descrip. geometry . Brattin, Mr. Field. ....... 6 17 
Sophomores........ Descrip. geometry ERLODERUSOMG -rfete anata 6 21 
Sophomores. ....... Descrip. geometry Mrs Stawartacs. cece o 6 13 
Sophomores........ Descrip. geometry.............-- Fai tare pS Mr. Robertson, Mr. Field... ... 6 19 
Sophomores........ Descrip. geometry.............-- ee ie MriStewarte ec cease ene 6 17 
~ Sophomores. ....... Drawing and color............... inne. e Miro Scheeley.n cs nctatc cians 10 10 
MODIOIS: deinis.. oer: Shades and shadows...........-. late Mr. Robertson............---- 6 16 
MIINGEB se seis ote ats Shades and shadows............-. (OP ge oe MreRisiny neon ee 6 14 
Juniors, Seniors... . . Mechanical drawing............. Sheen e TAWSOTEWAIGT Hitee thc 6 12 
MMH OTSEeoree aches a Kanematics® soi cease arees Ge-4ae se Mir Bieldiee eet o ostte 4 13 
SITIONS rs ce sesiecess WIE MAGIC Seem eee ersten tock: Goths co Mire Meld oa ce ae open ors te 4 17 
ALTO ep See eee Adv. drawing and color.......... ip sockee Mr Subeele: “oe ce is semen ee so 6 10 
MCTIONSS NWS sett nes Freehand and mechanical......... Lee Mra Wewiman! tototesocs cece: 10 9 
DIGINDES! iyi rte ct siarci: Adv. drawing and color.......... Tse oe |e irocheelese. wadae seme otic 4 1 
SENIO‘S te ee ase House architecture.............- G21 ee irs INGWINANS  fnclisns ails cert: 6 10 
DEMON 72,5 0h sae ore House architecture.............. [ee ees Re Ro Stewardo8 nc ecocoae te 6 9 
SEMMGRA Sse Jha tah History OATES. so aeocccssedes ee ) St RE ae Miss Holt2 dee as testes cor 3 23 
Seniors....... Ewa sg Historycor antesee semen cee ss erate Dh-Dipe A MasSVELOl iste cece ek eee etree 3 11 
Te NES OG ae Gee Cerrar ee Seto Bis oo Gn Ree Sees! BE IGrCReD Oreo Omer Geen aD erat aor rnc 651 
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TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN—WINTER TERM, 1920. ‘ 
Class. Subject. Instructor. Hours. ee 

Freshmen ......... Machine design.............+--- iGa=le~24\) Mr-iainbanks: oo eee cece 10 16 
Freshmen.......... Machine design. ..........-.-.-- i Ga=2 to] Mra Stewarte. cance pec Lice 10 13 
Freshmen.........- Machine design...............-- 16a-ies2.4| Wir. Brattin-e .-ep come nereee ene 10 13 
Freshmen.......... Machine design.............---- 1Ga-4,... | Mr Wamrbanks o.oo secciees on 10 23 
Freshmen.........- Machine'designyaeccecee see oe 16a-5)..;--5| Mr) Robertson’. . ones. scceeeee 10 21 
Freshmen.......... Machine design...........-...:. 16aq7 san 6] Da Wensbewards «. sc nscchinencee 10 16 
Freshmen.......... Machine!desizneiyniacces ese sss © 1Ga-825,04|MrvRisng 9) 2 casotaee neers 10 15 
Freshmen.......... Machine design..............-+. 1Ga-9%- «5\ Mr> Stewart: 0... nsnsneeeneee 10 17 
Breshment eacegieieas Machine design.............-..- 16aH-102 A S| Je Wi Steward oc cision eae mee 10 18 
Rreshmense seceeiee Machine design...............-- 6a=[02 55) (Mae Rising secre: scene 10 15 
Freshmen.......... Machine design.............++- 16a-122). 4) Mrs Newmans).s. 2. 2+ ceeeeee 10 12 
Freshmen.......... Freehand drawing..............- ih-1 Miss'Butler2. « caccecenectiers 4 17 
iRreshmenee)isa ene Freehand drawing.>............- 1h-2 Mr. Chapt facing. .eee eee 4 19 
Freshmen.......... Freehand drawing.............-- 1A es aly Mr Chapin sheets anasto 4 21 
Hreshirien: eee eee Freehand drawing...........---- 1h-4 Miss Butler? 004.4. cone nee 4 19 
Freshmen.......... Freehand drawing.............-- 1h-5 Miss: Butler<)yascsic cerns 4 17 
Freshmen.......... Freehand drawing.............-- 1h-6 Miss Holts Aon ccnneeeoceer 4 16 
Freshmen.......... Freehand drawing’. ....2....00.< 1h-7 Mr Chapin so) sc henteemenes 4 21 
Sophomores........ Descriptive geometry...........- 5b-1 Mr. Fairbanks, Mr. Field....... 5 15 
Sophomores. ....... Descriptive geometry............ 5b-2 R. K. Steward, Mr. Brattin..... 5 16 
Sophomores........ Descriptive geometry............ Db=o eyes) WirscObertson ache ni seeia ciate 5 13 
Sophomores........ Descriptive geometry............ 5b-4.) pio] URS RK Steward . scraseciens cerns 5 17 
Sophomores. ....... Descriptive geometry..........-- 5b-5 Mr: Stewartiie h-o o sen meeneut 5 15 
Sophomores.......- Descriptive geometry............ 5b-6 R. K. Steward, Mr. Brattin..... 5 14 
Sophomores........ Descriptive geometry............ Dafoe ess) Mrribieldiin.- senmnccks aemase 5 15 
Sophomores. ....... Descriptive geometry............ 5b-8 R. K. Steward, Mr. Robertson. . 5 15 
Sophomores........ Freehand drawing and color...... In ri Scheelet 4. Gaes aces seme 10 11 
JUMIOLR aro dele Machine design................. 6d-49 > 3.5) Mrs Bield hie iiee sea teeter 3 11 
UNIOIS nee ee Machine design...............-- 6d. a Mr: Biel d Sue Se crers nieeiece 3 10 
ARE aStiop coodats Machine design..............--- 6d-3 Mri Ricid sete oer ecneee 3 21 
UUIOTS siete cco Advanced drawing and color..... . 1q Mr; 'Schieeles<..2sejec seminsesinate 6 11 
Seniors Machine design...............-- 6f Mr: Brattim. 5.000. oaeeoeeee 6 21 
Seniors Advanced drawing and color...... 1t re Peheeles jo stteicisomeieleisvues 4 5 
Seniors History of painting.............. 2e MassiHoliss ptec me emeece ne 3 29 
Seniors Freehand and mechanical drawing.| 2¢ Mr. Chapin, Mr. Newman...... 10 8 

Ue] Ie aeReaP etal (Are, Nee Sn RR Ry ob e fs| [ee RO | IAEA AO Sao Ol AGO ES 556 
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TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN—SPRING TERM, 1921. 


. No. of 

Class. Subject. No. Instructor. Hours. atudents: 
- ASOD CRORE Machmerdesionicn cree: «cnt cnc ess |) LON. 2. |) daa WiiSteward). «2/2. coco s.ce< cash 6 12 
Sena Oe Machine designee caiesscinesents + |) LOD-2) oom) Mr wRisings <<, crc oes caess qeren 6 15 
Mrtratect kas Machine mesons tee cre ee |) LOD=0 ya.) Mra Sb WaArb vote 6.7. .syctarscterorseioe 6 15 
aeie nesters Machine desipn: ce 22...steaces | L0b-45.2 2) MroRobertson).c..<n- as ceseses 6 17 
a ES Machine destinies oe acicctee notice!) LOD-O- 45.4 |), Mrs Mainbankss 0 sobs 5 saci in cas 6 13 
Sete pablo Machine destin... aca. cit sacinc (Pp LOD-Ot-. IW Mrs RISING 852 S24 oc sketelddasec- 6 16 
ett? Machine design............2.... LGber2.= | Mr: Harbankas 0... 502.4208. + 6 15 
See Aas: Machine design: .....:..........| 16b-8....| Mr. Robertson.........:./.... 6 16 
Karte Machine: designe sc\ace cess cipe enacts LODO area |e Mars Bratt. cers seis sae Scocslos- 6 12 
ODE AR GOE Machirie' design’ mic. 3 tesce costs) OD=10 oo.) |p iin’ Harrbanks, 252.2572 5. 5.35. 6 10 
error Machine design? scteceenceice sem |p LOD-1L yal vies Bratt « sccle occ cicetee Seieto.e 6 15 

wt Atenttces Machine designe acc. aston noise | hOb-boe so) Mrs otewart..os<)02 22 cclnaceoee 6 12 
Raletassesers Hreshand drawinke-cc. ane ces ccieeal, LWole oat Wore Chapin: s5c5 sets eave sates 4 22 
aoe cals Hreehiand drawing); oe aa sacs see oe | ek Wedes cts. eins Butlers .cc,.tss,00ee cdon.oe 4 15 
certs Hrechand’ drawinks 2s 22 sees oe LWasre cee || Mrs Ohapin’ 5. creo den oro cio oc 4 14 

Ua aint Hreehand drawings... estes vo et) BW—< .)/<])Mirs(Ghapin...< 3, ./.:2 1c: care esos 4 19 
ats sates Kreehand: drawitts o. 37). acs cacisel elwa0s cen irs Chap: os -ciiden cee ott ace 4 17 
areas Hrephand: drawitite.< = o-n- noes te oi) Lw-O. seep vbiss Holter. 0s see aeac seen 4 14 

See eicen Hreehand:drawmg..So... se saee || Lwadoe.o-|) Miss Butlerssc scene Snes eek eo 4 18 
See Hreehand drawingy as-se 5.22 |) LW—se sees |) UVliss Biers). cos cnracolecciavioe 4 10 
ES fain Drawmg: and colorsccseecccee ie nell LOsee ea elie oeheelet...ss ts cyacttot wlan 10 a 
opeaaae ee iMechanicalidrawingeey 1 assser cee | omees ner | tite Ke Stewards oc meen): 6 4 
Be apetete cit aes Gare Advanced drawing and color......| Ir.......] Mr. Scheele................... 6 12 
lee nes aes Machine Gesient Scenic dee ceo OGuin manalV Mre Bield acme enka tues len tae 6 21 
a Aateh ccs Perateteoe Freehand and mechanical.........| 3¢.......} Mr. Newman, Mr. Chapin...... 10 7 
ROE Ri stinte Steamyengine Gesien: hc cleeek a o[ebeaee ner | ry ield Awe 28-12 odesac nee 6 2 
Mig Bawodces Sfeamshunbine Ges eta re token centr GO ns cere cl MIE A MOL! alos cpcrcteclc cso ticle 4 3 
Séaoonpeneee Advanced drawing and color......} lu.......] Mr. Scheele... Phe Be 4 1 
Eis FRc ee ate History of American painting.....| 2d.......] Miss Holt.................... 3 25 
Sacco abe & lbbbc BOASEOUS SEDACORSatEDNAacae to ECAC ana nel moran s BER ae Same ae Aan (aie eT 379 


Respectfully submitted, 
R. K. STEWARD, 
Professor of Drawing and Design. 


Kast Lansing, Michigan, June 30, 1921. 
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REPORT OF THE DEPARTMENT OF HOME ECONOMICS. 


President F. 8. Kedzie, 

East Lansing, Michigan. 
My dear President Kedzie: 1 

I have the honor to present the following report for the Division of Home 
Economics for the fiscal year ending June 30, 1921: - 


PERSONNEL OF THE DIVISION. 


Household Science Department. 

Miss Mary E. Sweeney, Dean of Home Economics. 
Miss Hilda Faust, Professor. 

Miss Louise I. Clemens, Assistant professor. 

Miss Osee Hughes, Assistant Professor. 

Miss May Person, Assistant Professor. 

Miss Avis L. Sprague, Instructor. 


Household Art Department: 
Miss Winifred 8. Gettemy, Professor. 
Miss Anna Bayha, Associate Professor. 
Miss Helen Goodrich, Assistant Professor. 
Miss Cecil VanSteenberg, Assistant Professor. 
Miss Minerva Fouts, Instructor. 
Miss Florence A. Stoll, Instructor. 
Miss Ethel Taft, Instructor. 


STUDENT ENROLLMENT. 


The total enrollment for the year 1920-21 was 425, showing an increase 
over last year of 72 students. The enrollment by classes was: 


SOTIOT Gor eae Ee ee as Ta eee ne eee 45 
STINRQTIS:. can eee rele oe cea oath ce ae of DN alte 
Sephemores: 22.2 it | c/n een geen he aeeiteg: 108 
TPES METU Setar FL td oreo a1 Ce ee ren earn ee 135 
Dpecials. segue. eh hwo ete ate erate ener ge 11 
Simmer OCHO lk). thes NS eee ee re ae ae 53 

Total oe oe ss tae cect ee ee erage 425 


INSTRUCTIONAL FORCE. 


It was with regret the College accepted the resignation of Dean Mary E. 
Edmonds who married in the fall. Her service to the institution as an in- 
structor has been most enthusiastic and constructive. To her efforts largely 
are due the splendid opportunity for service to the State which this division 
now enjoys. Mrs. Grace Frear resigned in the late summer, and Miss Ruth 
Kellogg was granted indefinite leave on account of illness in her family in 
December. The following appointments were made: Miss May Person, 
formerly State Leader in the Home Demonstration Work of Michigan, as 


DEPARTMENT REPORTS. 75 


Assistant Professorin Nutrition; Miss Avis L. Sprague, University of Chicago, 
as instructor in Institutional Management; Miss Helen Goodrich, University 
of Chicago, as Assistant Professor of Household Art. For the interval be- 
tween September 27 and December 1, when the present Dean assumed the 
administrative duties of the division, Miss May Person was appointed as 
Acting Dean. To her conscientious service, together with the splendid co- 
operation of the Home Economics faculty, the success of the year’s work is 
due. 


COURSE OF STUDY. 


It was deemed necessary by the faculty of the Home Economics division 
and by the Advisory Home Economics Committee of the General Faculty 
to make certain revisions in the course of study for the next year, allowing 
greater range of choice among electives for students beginning with the 
junior year and higher specialization than is now offered, also to develop a 
general course which would permit a matriculate to take an elective for each 
of four years, and while receiving all the fundamental training in home 
economics, to minor in another subject. The need was also pressing because 
of the newer opportunities open to home economics graduates as hospital 
dietitians, visiting housekeepers, county home demonstration agents, clini- 
cians in hospitals, expert buyers for mercantile firms, and cafeteria and lunch 
room managers. 

The evidence of this need for specialized training is shown by the positions 
accepted by graduates of this year’s class, fifteen per cent enter the service of 
hospitals as dietitians, ten per cent, extension service of the Michigan Agri- 
cultural College, one social service field, one State Board of Health, one com- 
mercial demonstration, and the rest, teaching. 

The following courses to become effective with the fall of 1921, were accepted 
by the General Faculty and approved by the State Board of Agriculture: 


TECHNICAL HOME ECONOMIC COURSE. 


FRESHMEN. 
FALL WINTER. SPRING. 
(DUTTA pee ee Aa aeles Ses ener 5 BinglishiSha: v.24 teaser oer: 5 UTP shy Se ae teasers erste 5 
(Composition) (Composition) (Composition) 
Mathematics Ib......2...<..., & Whemistryplt cence cciale weckieee 5 Chemistry2n vents. see atte 5 
(College algebra) (General chemistry) (Qualitative analysis) 
Home economics 80a........... oe 2 Home economics 80b............ 3 Home economics 50a............ 5 
(Applied design) (Applied design) (Clothing) 
BeVyeol ert eek te Sy MESS cts 5 Home economics 70...........-. 5 Phy aicsioecaae se eee eee ee 5 
(Plant anatomy and physiology) Home economics 49............. 2 
Wrsawiney Dla ss ce csiicse soe ee acetae 2 (Development of home econo- 
(Freehand drawing) mics) 
Ey RIONe seat ciate serncie ceidelels il Physical training............. 2 1) 
(Physical training) Physical’ training’. ......-2..-.-- 0 
BHOUAIN str stacmrccna dere alts 20 Motals-. tates eee eee 20 otal tote eee 20 
SOPHOMORE. 
W@hemibtrysa eyes ayes oes tecccere ovaveress 5 Chemistry2ila. oe pesos 5 Bactenologyileemaeee ose roe 5 
(Organic chemistry) (Physiological) or (General bacteriology) 
Home economics la............. 5 Chemistry: 228).0 = for sities <1 0 Home economics I¢............. 5 
(Foods) (Textile chemistry) (Foods) 
SPhveiolory Iby.23.. ass sneea 5 Home economics 1b............. 5 Home economics 50b............ 3 
(Anatomy and physiology) (Foods) (Clothing) 
PYISUORYE 2h ygcuac ts ceccrde nyeie ats © ste vie Home economics 51............. BCONOMICS Sosa ee eens ae 5 
(Nineteenth century) (Principles of clothing selection) (Sociology) 
Physical training............... 0 BCONOMIES ON sae sere tacts ek Drawing and design 1........... 2 
(Economics) (Mechanical drawing or gen- 
Physieal'training..............: 0 eral elective) 
Physical/training.........-2--.- 0 
NTS Shei cae a ee 20 Mo tallies stots spss: ulcacteut tavern clase 20 Motalhyoce ac et wee wae es 20 


*Physiology 1b repeated winter term, 1922. 
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Chemistry 21b 
(Advance physiological) 

HducationdlS ses. aeoe tee ee 
(Physiology) 

General electives. .............. 


*Home economics 31........... 
(Home management) 

*Home economics 32............ 
(Home management laboratory) 

Home econimies 12a, 13a or 14a.. 

**Required electives............ 

General electives..............- 


FALL. 


Drawing and design............ 
(House architecture) or 

Home economies 53a............ 
(Millinery) 

Home economics 52a............ 
(Advanced clothing) : 

Wducations oma seeheaecen ces 
(Psychology) 

General electives. .... ene Se oe 


*Home economics 31............ 
(Home management) 

*Home economics 32............ 
(Home management) 

**Required electives...........- 

General electives.............-+ 


*Given every term. 


STATE BOARD OF AGRICULTURE. 


FOOD AND NUTRITION MAJORS. 
JUNIOR. 
WINTER. 
Home economics 10............. 5 
(Dietetics) 


Home economics 20............. 
(Institutional management) 


General electives............... 10 

Totalinccacccape oon sieeneeeys 20 
SENIOR. 
Home economies 15............ 5 
(Special investigation in nutri- 

tion 

**Required electives............ 3 

General electives............... 12 
Total’. es hetniae aocvecits wien. 20 


CLOTHING AND TEXTILE MAJORS. 


JUNIOR. 
WINTER. 


Home economics 52b............ 
(Advanced clothing) or 


Home economics 41............. 5 
(General nutrition) 

Home economics 81............. i 
(House furnishing) 

Home economics 71...........-- 3 
(Textile problems) 

General electives.............-- Ul 

Total. Fastener cosets 20 
SENIOR. 

Home economics 83............- 3 
(History, costume and pagean- 
try). 

Home economies 82............. 3 
(Applied design) 

Required electives.............. 3 

General electives.............-.. 11 

Totals tracy ase 2? Ge bars 20 


**Required elective—3 credit course in either sociology or economics. 


SPRING. 
Home economics 11............ 5 
(Advanced dietetics) 
Hnghishi9a!-) hee oe eee 3 
(Public speaking) 
Home economics 33............ 3 
(Home sanitation) 
General electives.............4 9 
Motal soc cmecmcele asec 20 
Home economics 16............. 5 
(Research problems in nutri- 
tion) 
inglish 8M). 21sec oa eee 3 
(Journalism) 
General electives. .............- 12 
Total .ccccos ceshe eee emer 20 
SPRING. 
Home economics 55..........--- 5 


(Problems in clothing and tex- 
tiles) 


Bnglish\9at-P2s ose ca dse eee 3 
(Public speaking) 
General electives.............-. 12 
Total® ho eShe seers 20 
Home economics 54............. 
(Clothing problems) ‘or 
Ghemistry22bi-2.00n sees eee 5 
(Textile chemistry) 
Binglish8mi-. = ..eyeseeeeacteieeee 3 
(Journalism) 
General electives............... 12 
Totals: sae gence eet 20 
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VOCATIONAL HOME ECONOMICS—MAJORS. 


FALL 
MAMeRtION AS Sh o'ccerec.cie.esias,c%s 5 
(Psychology) 
Home economics 52a............ 5 
(Advanced clothing) 
**Home economics 53a.......... 3 
(Millinery) 
Home economics 30............. 3 
(Home care of sick) 
General electives.............-- 4 
WICC Re 6a ABE SOBRE 20 
PetSRducation ga... .... 6+. ---6 4 
(Practice teaching home econ- 
omics) i . 
Elective in English.............. 3 
***Required electives.........-. 3 
General electives............... 10 
Loc LS pessoa epenoeeces 20 


JUNIOR. 
WINTER. 


(Bdacation Dan. coe cesses otic 5 
(Science of education) 

Home economics 41............. 5 
(General nutrition) or 

Home economics 10............. 
(Dietetics) 

****Home economics 20......... 5 
(Institutional management) 

General electives.............-. 


Totals onsets vocn ace eee e 20 
SENIOR. 

****Home economics 31......... 2 
(Home management) 

****Home economics 32......... 5 


(Home management laboratory) 
***Required electives........... 
General electives............... 10 


*Repeated fall and winter terms, senior year. 


**Repeated spring term. 


***Required elective—either 3 credit course in sociology or economics. 


****Civen every term. 


FALL 
Bip hishi Sastre ot cyano eraser sites 5 
_ (Composition) 
Mathematics Ib............5.... 5 
(College algebra) 
Home economics 80a............ Z 
(Applied design) 
Home economics 49............. 2 
(Development of home econo- 
mics) 
LENT GIG a pHeintos arepacace 1 
*General elective...........-... 5 
Physical training............... 0 
PLGbAN ste ortcaiiven ae. ee 20 
Mhemstry:dns.<c avecshieos aac s 5 
(Organic chemistry) 
Home economics 40a............ 5 


(General course in foods) 
Required elective............... 
General elective..............-. 5 


ERG bAL 2 cir Steesers c-0 ates 5 ever 70) 20 
*General elective freshmen year. 


POC CATLONN Lee ee a. essere ies, are acc 5 
(Psychology) 

Home economics 92............. 
(Design and choice of clothing) 


Required elective............... 
Generalielectives. :4...00sj ces 5 
SROtALEAD corer Bee eb os Seas 20 
Home economics 42............. 5 
(General course in home man- 
agement) 
Required elective............... 5 
General electives............... 10 
Ota Srextors secs alee aec 20 


*Given every term. 


GENERAL HOME ECONOMICS. 


FRESHMEN. 
WINTER. 
Pnglinh shor. sant ter heist ac ieae 5 
(Composition) 
Chemistry U3. Pt. te.carastecie. a 
(General chemistry) 
Home economics 70............. 5 
(Textiles) 
*General elective............. 5 
Physical training? . <./..26- scsi, 0 
Total r ea een ocaac em as 20 
SOPHOMORES. 


Physiology 1b...............-+. 
(Anatomy and physiology) 
Home economics 40b............ 


(Foods) ; 
Required elective............... 5 
General electives.............-- 5 
(Potala gan acy scasj acne 20 
General home economics course. 
JUNIOR. 
Home economics 41............. 5 


(General courses in nutrition) 
Required elective............... 
General electives. 2.0.5... ¢- «20+ 10 


SENIOR. 


*Home economics 34........... 
(Home care of the child) 

Required elective............... 

General electives. .....¢......65 10 


Those desiring a state teachers’ certificate must take education 1, 2and 3. 


(Providing qualifications under Smith-Hughes law.) 


iC 
SPRING. 
Education Lasce-seeaceesee coe 5 
(Methods of teaching home 
economics) 
Home economics 93............. 5 
(The house) 
ping lish Galen ens boe.< seeietacier 3 
(Public speaking) 
General electives............... 7 
otal Roy 1s sce ee 2u 
MAW CatION SD). okey elec 5 
(History of education) 
Home economics 33............. 3 
(Home sanitation) 
General electives.............-. 12 
WR OtAL eee sct te crersionete inate 20 
SPRING. 
LON Ya Helrac eo ee beanie poset 5 
(Composition) 
@hemistry 20 eect ean eens 5 
(Qualitative analysis) 
Home economics 90.....,....... 5 
(General clothing) 
*General elective............... 5 
Physical training. .............< 0 
ADOUS': ype et tee ater sietenrert tee 20 
Ph ysieside sacs os woe eae 5 
(General physics) 
Home economics 40c...........- 5 
(Foods) 
Required elective............... 5 
General elective................ 5 
HROGAL Mic yacyssyaarea stato Sets 20 
Home economics 93...........-- 5 
(The house) 
Required elective............... 5 
General electives...........-..- 10 
Total ss.52,2cncae cee eee oe 20 
Elective in clothing and textile. . 5 
Required elective............... 5 
General electives............... 10 
Totals o. este sokod eaetens 20 
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GENERAL ELECTIVES FOR FRESHMEN GENERAL HOME ECONOMICS COURSE. 


*Mathematics 1b..............- 5 Mathematics? beams noe mee Mathematicsis bisa eeeeeenieee 5 
Mathematicstcn- eee eens PHYSICE Oa. eco eee ee eee 5 
Physics seis. sectors ee ane 5 Physies! 8 dye ye-2s.6 Sestntye etre te ae 5 
istoryz2/ acces actors eevee 5 Stony Deeeyh reettncarty. ociictete 5 Mistory ls: Jchsjevesiseasepe eer 5 
Botanyalassccnec tone feacce sent 5 BOtANY 2a ee eer hence eae 5 Botany 3as.%. «ede nese 5 
LOOIOR VE De wea cateie ok ee Ale on 5 Botany: 20a). srsscetipesirtetierne 5 
Rrenchslasey setts cee cn oe ciate 5 Hrenchilipu en chee mck meiece 5 Hrenchulits.f 0. bs .c ne 3h e eee 5 
Mreneh: 2aye each accdec cae deere 5 Hrenchigbe ey eee eerteee. 5 Brench 26): 2.5 /sjc:c:sccctae eee ti) 
Bpanishtlaeste eae cree teen 5 Spanish se ae oe ate eee 5 Spanish es. sic seas eee 5 
Germans) Sud. cena 5 German by. sce cee eee 5 Germans .o o.cc cine aot 5 
GStOny ot etek toe 5 IStOnyiticncheiee tie eee eee 5 
Drawinglb in. in sec eee eee 5 Drawing his 2 Ne ee as. ee 5 Drawing ty Se ee see eee 5 


*Mathematics 1b is required of all students. 


Requirements for the first year elective may be met by taking mathematics 2b, winter term and 3b, spring term, or by taking 
mathematics 2b, winter and physics 3, spring, or by taking physics 3e, winter or 3d spring. 


REQUIRED ELECTIVES IN GENERAL HOME ECONOMICS COURSE. 


: au students taking the general course in home economics will be required at some time during the four years to complete the 
ollowing: 


itvear) modern anguage’.c ct sect se steele cucetecs= ia ereeteemerers ore Miche 15 credits. 
AFEGrMMeHIStOLY otis Rol oes ee a Cee ne CS ceaeke ahora 5 credits. 
itermeHnglishiliteraturejs a wear recicice el hae pace cone coin 5 credits. 
{i termeAmerican literatures. es see cise oe eeec on) Serie a Meets sealers 5 credits. 
{term bacteriology <i. neki y oes beer see tees eet iat oeberalese cea 5 credits. 
HOS Yer ets [0 (0) (0) (ayn pe ee Ey ee BE Ae RS chika ene bert ae 5 credits. 
Utermeconomics:. 7 soca aecies ase oka lenis oe eee eee 5 credits. 


DEVELOPMENT OF THE WORK OF THE DIVISION. 


Among the gratifying indications of the steady, irresistable growth of the 
division are the rapid development of field work, and the requests made by 
business, professional and educational organizations for assistance and direc- 
tion, some of which are Women’s Clubs, State Grange, Mothers’ Clubs, 
Association of Collegiate Alumnz, State Nurses, Teachers’ Associations, 
Business and Professional Women’s Leagues, League of Women Voters, 
High School Conferences, County Home Demonstration Agents’ Meetings, 
State Allied Dairymen’s Association, Vocational Education conferences, 
Alumni Associations of Michigan Agricultural College. 

The pressing demand for home economics trained women in nutrition educa- 
tion, in social service, and in business, and the necessity for women before 
entering to have had previous opportunity to know the real problems of these 
fields and to solve them, led to the introduction of the spring term of field work 
in visiting housekeeping, in hospital dietetics, in nutritional clinics, in com- 
mercial cafeterias and in high school lunch rooms. 

At the request of Superintendent Frank Cody, a survey of the cafeterias 
operated in connection with the high schools of Detroit was made by Miss 
May Person and Miss Avis Sprague of the Home Economics faculty and 
suggested changes pointed out which would improve the health of the pupils 
and secure a more efficient use of the equipment and the income. 

At the request of the State Board of Health a survey was made of the Michi- 
gan State Public School at Coldwater and recommendations made regarding 
the diet of the children, the combating of under-nutrition prevalent, and a 
constructive educational program for preventing its recurrence advised. 

To gain further home experience and practical application of the theory 
studied in the class room, the juniors and sophomores have undertaken a 
month’s project in foods and nutrition, consisting of the preparation in the 
home of family meals, construction of family clothing, management of the 
entire household, or large quantity cooking for harvest hands and _ hired 
help on the farm. All family marketing is to be done by the student, price 
lists are kept, record of menus, of time required to prepare meals, and of the 
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expense incurred are made and submitted as part of the report of the project 
upon their return to the College in the fall. 

The alumnz have undertaken the earning of fifteen hundred dollars to 
furnish a home economics practice house on the campus. This will mean a 
valuable asset to the training of women of the division in that it will afford 
them a real home in which to apply the theory studied in the classroom and 
in which to work out the problems of home management, family nutrition, 
house furnishing, labor saving devices for the home, and child care. 

The placing of club ‘‘C,’”’ the women students’ boarding club, by the State 
Board of Agriculture at the disposal of the Home Economics division to be 
operated as part of resident instruction in institutional management, gives a 
splendid opportunity for unusual training in all lines of large quantity cooking 
and the management in feeding daily six hundred persons. 


HOUSEHOLD ARTS DEPARTMENT. 


The Household Arts courses are planned to train young women to be better 
homemakers, with a keen appreciation for beauty, economy and technical 
skill involved in the choice and making of clothing and the choice and arrange- 
ment of house furnishings. 

A number of changes have been made in the content of courses which have 
given a wider range to the subject matter offered and a larger field of appli- 
cation on the part of the student. 

In Household Art 1, Clothing, the freshmen were given more advanced prob- 
lems this year, both in the first and second terms. A new project was worked 
out the second term. Each student did some custom work which consisted 
of two child’s garments (girl’s and boy’s). The mother of the children selected 
the type of garment, but consulted with the student on choice of material, 
color and design suitable to each child. The course gave the students a 
broader outlook as to uses of household art training outside the teaching 
field. The work awakened great interest among the students in the business 
opportunity in opening shops for making children’s clothing. 

The work in Household Art 3, Textiles, has been broadened in both content 
and application. A study of raw and manufactured fabrics, chemical effects 
of laundrying, household and physical tests for identifying fibres has been 

-made. The students are required to make exhibits of suitable materials for 
underwear, children’s play clothing, women’s dresses and table linen, to study 
the use of deodorants on clothing and removal of stains, field trips were made 
through woolen mills, carpet factories and other industrial plants. 

In house furnishings the latter part of the term was given to the execution 
of several projects in actual furnishing or remodeling of rooms and apart- 
ments. The students chose the project and carried out the problem on 

limited sums to meet local conditions. 

The projects included were: 


1. Furnishing of the varsity club room, gymnasium. 

2. Remodeling girls’ rest room on $25. 

3. Rearranging and furnishing Y.W.C.A. room on $30. 

4. Rearranging and furnishing of small apartment on $25. 


In millinery it was possible to increase the amount of work accomplished 
and to give students some preliminary training in commercial millinery, the 
latter line of work was especially successful in the making of hats for children. 

Advanced Clothing, problems in tailoring and individual clothing project. 
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Tailoring was offered spring term and consisted of the making of suits, long 
coats and sport coats under the direction of an experienced tailor, and the 
choice for a second project of the silk dress, an advanced problem in draping 
given by Miss Margaret Hoover of the Mills Dry Goods Company, and the 
making of illustrative material for a high school course in Household Arts. 
This choice was given as not all the members of the class would teach. 

Many of the graduates of the Home Economics divisions do not wish to 
teach after leaving college, and it is the aim of this department to acquaint 
the students with some of the opportunities which are open to women in 
various fields. With further special training these graduates may turn to 
textile chemistry, costume designing, house furnishing or trained salesmanship. 

It was the good fortune of the department to have the opportunity to direct 
some classes in one of the Lansing clothing stores for a term of five weeks. 
The class work was carried on by two senior students under the supervision 
of the educational director. It is felt that this experience has brought into 
closer sympathy the merchants, the saleswomen, the college instructors and 
the students, also that it is the beginning of a much larger service which the 
College can give to its graduates who are interested in the commercial phase 
of clothing. Future aims are to establish clothing information bureaus 
over the State. There is a great demand for some practical knowledge that 
will enable the consumer to buy intelligently and be assured of value received. 
It is the desire of the department to serve the people of the State by giving 
out information in the testing of materials and suggestions for selection and 
to teach the use of the budget by all homemakers. 

An effort is made to keep in touch with the development of household arts 
work throughout the country. The faculty are at present interested in re- 
search problems in textbooks and courses of study, with the hope that the 
results may aid in the standardization of this work in both high schools and 
colleges, also some of the problems of investigation that are promoted by the 
committee on the standardization of textiles of the American Home Economics 
Association are being worked out in the household arts classes in clothing. 

During the farmers’ week of 1921, February 1 to 5, the junior clothing 
classes of the Household Arts department arranged an extensive exhibit for 
the education and aid of the shopper. The slogan was: ‘“‘Do You Get What 
You Pay For,’ and the exhibit including: 


Shoes and stockings. 
Undergarments. 

Wash dresses. 

Materials for service dresses. 
Household linens. 


attracted much attention and gained favorable comment. A table . fitted 
with the necessary equipment for the simple home test of fabrics for adultera- 
tion, tested out many samples of materials brought in. A register of visitors 
showed an attendance of over two thousand during the week. 


HOUSEHOLD SCIENCE DEPARTMENT. 


Some changes were made in the subject matter content of courses in house- 
hold science and in the number of lecture and laboratory hours. Advanced 
Cookery and Problem Cookery which were offered fall and winter terms were 
not repeated spring term with the consent of the faculty. Household Science, 
la, Foods, was re-organized, beginning with the spring term and planned on the 
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meal basis with a closer correlation with physiology, physics, bacteriology 
and chemistry and the application of scientific principles underlying the 
preparation of food. 

Winter term, a section in the advanced dietetics course as part of their 
laboratory practice, fed daily twenty ex-service students matriculated in the 
Vocational Educational department. These men were suffering from physical 
disability due to nutritional and organic disturbances and after medical diag- 
nosis with cooperation of the physician consulted, were fed by the students 
at special tables in club “‘C’”’.. Each man was placed on a diet, adapted to his 
ailment, prepared by the class during laboratory or assigned hours. The gains 
averaged eight-tenths pounds per man per week, the meals were furnished 
at an average cost of thirty-one cents and all but two men were returned to 
normal weight which they maintained throughout the six month period. The 
improvement in spirits, ambition and morale was quite as remarkable as 
the physical gains made. All the men who stayed at the institution were 
able to continue their work although when coming to the diet class they had 
expected to have to leave College on account of their health. The splendid 
efforts of Professor Hilda Faust made this undertaking successful. 

It is a matter of satisfaction that this work received the recognition of the 
Federal Board of Vocational Education and was made the basis for recom- 
mendation to other institutions to take similar care of their disabled ex-serv- 
ice men. 

Another section of the class in February, established a nutritional clinic at 
the Foster street public school of Lansing. This type of work had been 
planned by Assistant Professor Person and Dean Edmonds before the latter’s 
retirement, but was delayed in being carried our until the winter term. The 
clinic children were chosen from a selected group who were designated as out- 
standingly anemic. The class had to be met after school hours, all food 
was prepared at the College and carried in baskets to the school by the home 
economics students, the interest and enthusiasm of the children maintained, 
and the cooperation of the parents secured. It is a tribute to the tireless 
effort, the insight and knowledge of Professor Person and her students that 
a hundred per cent attendance was maintained, 256 per cent gain in weight 
over normal was averaged, and that before the close of the winter term, two 
other clinics had been requested by the City Board of Health and the prin- 
cipal of the Cedar street school. At all these clinics the senior students with 
the active cooperation of Dr. Humphrey of the Lansing Board of Health, 
Miss Hull of Public Health Nursing, Miss Brown of the Social Service Center, 
and the principals of the schools, did the weighing, measuring and instruction 
in use of foods, food and health habits, made all charts and kept records. 
The gain to the student in having the responsibility placed upon her was 
immeasurable. 

The spring term, the General Faculty having given permission, four lines 
of field work were opened up as a development of the advanced dietetics 
consisting of nutrition clinics, hospital dietetics, visiting housekeeping and 
feeding of disabled soldiers. The equivalent of four laboratory hours were 
spent in each section and one conference hour. The opportunity for training 
in hospital dietetics was made possible by the cooperation of Mrs. Harry 
Person, superintendent of Sparrow Hospital, in visiting housekeeping by the 
cooperation of Miss Ruth Bowen of the Social Service Center. Four addi- 
tional clinics were requested by the Board of Health at the Logan street 
school, making a total of seven clinics operated during the spring term. 

1a 
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Twelve students enrolled in hospital dietetics and spent their laboratory hours 
at Sparrow Hospital working under the direction of Professor Faust. 

Five students took visiting housekeeping, first doing case work with aid 
of social worker, later having assigned to them a special family as a problem. 
In every case wiser use of the family income was planned, mother was assisted 
in making family clothing, buying and cooking of food, planning meals. 
Professor Person is responsible for the excellent manner in which this course 
was developed. 

The feeding of the ex-service men continued during the spring term. 
Students were made entirely responsible for purchase, preparation and serving 
of food, each student taking managerial authority for one month. New 
men were added as for various reasons some left college and the problems 
were continually changed. This course continued under the supervision of 
Professor Faust. 

The course in Institutional Management was greatly enlarged and during 
the winter term the laboratory was given in cooperation with club ‘C’’, 
food being prepared by the class for club “C’’. During the spring term an 
additional course in large quantity cooking was offered. Students took charge 
of the high school lunch at East Lansing, planning, preparing and serving 
the food. Other students did six hours field work per week in commercial 
cafeterias, tea rooms and high school lunch rooms of Lansing, the purpose 
of which was to acquaint them with procedure, methods and standards of 
commercial concerns. Weekly reports were made, conferences held and 
lectures given. The large quantity cookery, through the cooperation of 
Mrs. James of Wells Hall, prepared some articles of food for two hundred at 
each laboratory period. This was done without cost to the division. Many 
graduates upon leaving the College, are called upon to conduct school lunches 
in connection with their work, and it is very important that they understand 
the management, financing and the preparation of food so as to take care of 
the health of hundreds of children. 


HOME ECONOMICS EDUCATION. 


The practice teaching work done in the East Lansing high school has greatly 
improved. The students have been given more responsibility in planning 
the project during their teaching. Each student has taught larger number of 
lessons, and next year each practice teacher will teach a minimum of thirty- 
six lessons. Work has been started this year in the eighth grade and next 
year will be introduced into the seventh grade. The regular senior high 
school classes will meet five days a week next year instead of three a week as 
at present. 

Next year practice teaching in clothing and foods will be done at rural 
schools, the students having complete charge of the course. 

A school lunch was started last fall and was carried on by the students 
doing practice teaching, so they had some experience in school lunch manage- 
ment. This lunch was taken over by the class in institutional management 
during the spring term due to lack of time in schedule of the student doing 
practice teaching. 

The course in Special Methods has steadily improved and by being offered 
every term, makes the classes smaller so that much more intensive work can 
be done. 

All the work which has been accomplished during the year in the Home 
Economies division has been made possible through the magnificent spirit of 
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cooperation and through the conscientious service of the members of the Home 
Economics faculty, and through the general spirit of helpfulness and interest 
manifested by other divisions and by all the departments of the College, and 
for which I wish to make grateful acknowledgment. 
Respectfully submitted, 
MARY E. SWEENEY, 
Dean of Home Economics. 

East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEAN OF WOMEN. 


President Frank 8. Kedzie, 
East Lansing, Michigan. 


My dear President Kedzie: 

Permit me to present the following report of the Department of the Dean 
of Women. 

Fifty-eight freshmen have been domiciled in Abbot Hall under the super- 
vision of Mrs. Caroline Lewerenz; sixty freshmen, in Howard Terrace under 
the supervision of Miss Emily Jones. Waterbury House, College Cottage, 
and College Residence have housed respectively twenty-six, eighteen and 
fourteen young women sophomores. Mrs. Sallie Katz, Mrs. Herbert Mur- 
dock and Mrs. N. L. Eastman have been in charge of these dormitories. 
The policies which have proved satisfactory in these five dormitories will be 
continued the coming year. Mrs. May Stoner Clay, who has been absent 
for a year, will return to us in September as house mother at Howard Ter- 
race. 

Senior House, which has been used as a practice house for eighteen senior 
girls under the supervision of Mrs. Mildred Osband, will become a dormitory 
for sophomore girls; the senior girls will have a smaller house upon the campus. 
In the Womans Building, eighty-five girls have had rooms. 

The health of the young women of the College has been noticeably good 
sue the past year, there having been but a very few isolated cases of 
illness. 


The matter to which I wish particularly to call your attention is the pro- 
gress made by the students in self-government during the past two years. 
All women students are members of the Womans Self-Governing Association. 
They elect their own officers and administer the government through a 
council in each of the dormitories. While self-government, as at present 
administered, has some weaknesses, it is the most effective means of training 
our young women for future usefulness, as well as the most effective means 
of administering discipline with the present day young women. Great credit 
should be given Miss Dorothy Curts for the wisdom and the faithfulness 
with which she has met the duties of President of the Council. 

I wish to express, my sincere appreciation of the tact and the hearty 
cooperation shown by the house mothers in meeting this new problem 
of self-government. I wish to express my sincerest appreciation of the 
interest and help you have unfailingly given to the solution of the prob- 
lems of the young women students. 

Very respectfully yours, 
EUDORA H. SAVAGE, 
: Dean of Women. 
Kast Lansing, Michigan, June 30, 1921. 
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ANNUAL REPORT OF THE DEPARTMENT OF TEACHER 
TRAINING. 


President F. 8. Kedzie. 

Dear Sir: 

Personnel of the department: 
Walter H. French, Professor. 
Mary E. Sweeney, Professor. 
E. Lynn Grover, Associate Professor. 
Elizabeth J. Frazer, Associate professor. 
Josephine Hart, Assistant professor. 


The Department of Teacher Training has charge of presenting the courses 
in education, and directing the practice teaching for those who are preparing 
to teach agriculture and home economics. 


The courses in education for teachers of agriculture are as follows: 
Education 4. Educational psychology. 
Education 5. General methods and school demonstration. 
Education 6. Special methods in teaching agriculture. 
Education 6a. Practice teaching. 


The courses for women are: 
Education 1. Psychology. 
Education la. Special methods in home economics. 
Education 2. General methods and school management. 
Education 3. History of education. 
Education 3a. Practice teaching. 


During the year 59 men in the Agricultural division have taken the courses 
in education. This number included a part of the senior class in agriculture 
and part of the junior class in agriculture. Forty-four seniors completed the 
courses in education and practice teaching and received licenses. 

Sixty-eight women entered the courses of education for the fall and winter. 
These young women were mostly juniors. For the spring term there were 
forty-eight young women all of whom were seniors. Thirty-seven senior 
women were graduated and granted vocational certificates to teach home 
economics. 

This department operates under the provisions of the federal law, known 
as the Smith-Hughes law, and the young men and women will teach for the 
most part in the schools operating under the said federal law. The purpose 
of vocational departments of the public schools is to give an opportunity for 
direct training along vocational lines and so far as we are concerned, we 
prepare for the vocations of agriculture and home making. The annual report 
of this department will show the courses given and the expenses connected 
with the administration of the department. The total expense of the de- 
partment for the year for instruction, travel and incidental expenses, is approx- 
imately $14,000. 

Practically fifty per cent of the public schools in Michigan teaching courses 
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in home economics, employ graduates of the Michigan Agricultural College. 
At the present time there are sixty-five schools giving vocational courses in 
agriculture and these are all handled by graduates of this institution. The 
young men who complete the courses in education do not all enter the pro- 
fession of teaching. Many of them are our most successful county agents. 
Others occupy managerial positions and others are professional specialists 
in agricultural work. The same may be said of the young women who grad- 
uate in home economics. A portion of them teach, but many of them become 
dietitians, nurses, specialists in agricultural chemistry and commercial 
chemistry, and all of them are taking important places and doing important 
work in the service of the community. 
Respectfully submitted, 
W. H. FRENCH, 
Director. 

East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DIVISION OF VETERINARY SCIENCE. 


F. 8. Kedzie, 

East Lansing, Michigan. 
Dear President Kedzie: 

Herewith I present the 11th annual report of the Division of Veterinary 
Science. 

No changes in the personnel of the Veterinary division have occurred 
during the year just closed; however, some changes in organization and dis- 
position of work is planned for the coming year. There has been the best 
of cooperation among the faculty and I wish to express my appreciation for 
its helpful attitude. 

The meeting of the American Veterinary Medical Association which oc- 
curred August 23rd to 27th, 1920, was attended by Drs. Chamberlain, Hall- 
man, Hutton, Runnells and Sales. The program was excellent and much 
good was derived therefrom. 

The meeting of the Michigan State Veterinary Medical Association was held 
at the College, February 8th and 9th, 1921, with a record attendance at this 
meeting. Dr. R. A. Runnells was elected secretary of the Association, it is 
hoped that we can do much to assist the development and usefulness of the 
Association to the profession. 

The meeting of the United States Live Stock Sanitary Association at Chi- 
cago, November 28th to December 2nd was attended by Drs. Chamberlain, 
Hallman, Hutton and Runnells. This meeting also was instructive and 
helpful. Several local association meetings, Central Michigan, Michigan- 
Ohio and Southeastern have been attended by members of the faculty who 
have taken part in their programs. 

Just recently, June 23rd to 25th, inclusive, the Veterinary division has 
cooperated with the State Bureau of Animal Industry in staging a short 
school of instruction to assist veterinarians in preparing for the federal exam- 
ination held at the College, June 25th. The school was well attended (300) 
and we believe much was accomplished in developing sympathy between the 
College and the profession and in advertising M. A. C. throughout the profes- 
sion of the State. 
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Attempts to increase the student enrollment last year in the Veterinary 
course were futile; three freshmen enrolled but two of them dropped out, 
two others transferred to the sophomore class from other courses. The small 
enrollment of freshmen in the Veterinary course is not a local condition but 
obtains in all veterinary schools in North America. The following table 
prepared by Dean White of Ohio State College elucidates that point. 


STUDENT POPULATION OF STATE VETERINARY COLLEGES 1920-21. 


First Second Third Fourth 


Name of institution. year. year. year. year. Special. Totals. 
Alabama Polytechnic Institute...................--- 20 15 12 Gal Pex earsctcr 53 
Colorado Agricultural College...................... 26 22 20 PLOW IGAee Ae eae 88 
Georgia State Agricultural College.................. Z 7 3 cI Vn aed tae 21 
Iowa State Agricultural College.................... 30 24 18 pte ee ee Fac 94 
Kansas State Agricultural College................... 9 20 13 18 1 61 
Michigan Agricultural College...................... 1 8 4 BA Akane 21 
New York State Veterinary College (Cornell)........ 13 32 15 16 2 78 
New York State Veterinary College (N. Y. Univ.).... 7 3 5 Siete oa 23 
OhioStateWOVersity.c een ee eee acme 19 » 30 30 Piel Relea ese 104 
Ontario Veterinary College (Canada)................ 24 32 22 yA rerecee arbi 95 
University of Pennsylvania. 2.225000. ce cee eee 4 8 7 1 el ee enone 30 
Texas Agricultural and Mechanical College.......... 1 5 2 6 4 18 
State College of Washington....................... 3 1 6 12: xen ese 22 


PRIVATE VETERINARY COLLEGES 1920-21. 


Indiana Veterinary College.......................- 11 28 23 73 1 136 
St. Joseph Veterinary College...................... 10 38 16 Sill [ecters Seren 100 


The above should not preclude the Veterinary course at this College but 
implies a greater duty to encourage men to take up the veterinary course of 
study. 

In January as of the class of 1920,.Mr. A. C. Masten was graduated and 
June 15th, 1921, the following men received the degree of D.V.M. 


Mr. R. E. Bergman. 
Mr. H. P. Conrad. 
Mr. C. W. Dwyer. 
Mr. X. B. Shaffer. 
Mr. George Thomas. 
Mr. Asa Winter. 


The above men will enter private practice with possibly one exception. 
The small graduation of veterinary students is already evident in a greater 
number of vacancies in veterinary practice. 


DEPARTMENT OF ANATOMY. 


The work of this department has been handled by Drs. Chamberlain and 
Johnson. The former has given courses in Poultry Anatomy in connection 
with poultry courses 3 and 4 and has been in charge of the Veterinary division. 
The following table gives an outline of the work done. 
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ANATOMY. 
No. of : Labora- | Total class 
Term. students. | Credits. | Lectures. tory. hours. 
Fall: 
PATIL OI CL Mencia raed eee ae Ie Pro ehhlo ees 2 4 24 72 96 
PTAATOWNG AMS ae ey taka s Sea eae as cho exe 12 See eho aie 108 108 
LATTER] a Bk i Spa Re es oie ve atl aoe eee 9 4 24 72 96 
Oita Mrs A cuetenate ea AM ret ob Anealie svete Bones 23 1a! 48 252 300 
Winter: 
PATIL RCNINE Vik ehesrora iar cha oye cs ave nie Wh. hap eis’ 2 4 24 72 96 
J ATTEN IOUS Nya Oa oy a Paar pe ae 2 4 12 72 84 
ATR LOWIN SOD oles yi) oo ers once ee) die eee 11 4 12 108 120 
VAIL AROLNYS Si We spo .5 ats a: 8S sce Fula aatt 3 cette 4 4 24 72 96 
POUL nya tee yee eis arate were Om 20 2% 12 36 48 
PUP LE pecs ches x cs, Sars el noes ovo olonate wie ks 39 18% 84 360 444 
Spring: 
PATIALONIVHLGS Soke st cic Sete biates Senses cs 3 4 24 Ue 96 
FATT ALOUUV ELD oie ciety eeisl cio ine ate. 4 4 12 72 84 
PATI A COMILY el Ces spere. co foie oss 8-4 Since les aera ys 9 4 12 108 120 
VASTEAEOUNVALC)= ai als ier otate Saha ceases cratic 9 3 12 72 84 
PATI TOIN US aeons reece, fcc el ata to acion ee 7 4 24 72 96 
ATIAEOMIY SDs lense Lis Sat rch wiih a ete aiatene 7 4 24 72 96 
IROUIEENEA. tetra a ar caoehteieie se oleae che 6 2% 12 36 48 
POUR etigre csi en ol atere wists ticket pie Minster 40 25% 120 504 624 


Grand stOtale7. asts-c hea ce c/o ow dw ce 6 ele 102 55 252 1 eLLG 1,368 


The housing condition for work in anatomy has not changed from that of 
last year. More microscopic slides and specimens of the chick have been 
prepared. The courses in Histology and Embryology (anatomy 3a, 3b and 4) 
have been opened to students of the home economics, agriculture and applied 
science courses thus enabling them to more fully complete their training for 
laboratory work. 


DEPARTMENT OF VETERINARY MEDICINE AND PHARMACOLOGY. 


The courses in Veterinary Medicine and Pharmacology have all been 
handled by Dr. Taylor for the last year except Medicine 5 (jurisprudence) 
which was very ably handled by Judge L. W. Carr. 

The following table represents the work of this department. 
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Term. 


Fall: 


Medicine? aycccisct ae 


Winter: 


Spring: 


Medicine 3Diciac. «<1 es 
IMedIGING Dez nics eycle ns 


Term. 


Fall: 


Pharmacolory, 2: . ©. 
Pharmacology 4a...... 


Winter: 


Pharmacology 4b...... 


Spring: 


Pharmacology 1....... 
Pharmacology 3....... 
Pharmacology 4c...... 
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VETERINARY MEDICINE. 


No. of 


students. | Credits. 
PSE Me eee is 4 
Sea A sey Ee ees 7 4 
ee ebtarsfons tesa, auvtels 10 5 
Bri dciarteaehe mirc: 10 5 
sis ve\forvdivana’’o ele ote 12 4 
Bacevatios lave Yakeverehe te 11 1 
Be ney ethos 23 5 
PHARMACOLOGY. 
No. of 
students. Credits. 
fPit NFR Gre 5, eRe 5 5 
sts aeets See ioe ae 7 3 
SSR aeons 12 8 
Aalst Mea eee 5 3 
SIRE RER NS ERC 5 3 
Bead ce cortd 8 5 
Beara Aa\S Seats 5 4 
ee Re oe tok 7 3 
NAR Disc hosne 20 12 
cP anane eneeae ae 37 


VETERINARY SCIENCE. 


Lectures. 


48 


48 


60 


60 


48 
12 


60 


Lectures. 


48 
36 


84 


36 


36 


Labora- 
tory. 


Chu ROR SECLy D 


24 


*. os) eieinl = stele 


48 


Total class 
hours. 


48 


48 


60 


60 


48 
12 


60 


Total class 
hours. 


72 


36 


108 


480 


The Veterinary Science for agricultural and short course students has been 
handled as of last year by Dr. E. K. Sales who has also given the subject 


Zootechnics to veterinary students. 
with these subjects. 


The following table illustrates the work 
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VETERINARY SCIENCE. 


No. of : Labora- | Total class 
Term, 92 students. | Credits. | Lectures. tory. hours. 
Veterinary NCIONEO | Aaas.c eeratvorreciieiae = 22 5 GOu Saas 60 
Winter: 
Veterinary science 2b...............- ily/ 5 COM eistrene: 60 
Spring: 
Weterinaty, SClONCELLC sirens. 2 1) « eines ee 14 5 GO te jcie ae ere 60 
GranditOtale ers tassels cl sheveroltrusisisse ere 53 15 TSO ais s% aes ee 180 
ZOOTECHNICS. 
No. of P Labora- | Total class 
Term. | students. | Credits. | Lectures. tory. hours. 
Pala Paris A eel a2 Le | 2 fae Reed Rd Ps 
Winter: 
PO OtCCHTIGS We iis ac.a se cites i> wpeloies clisin, « (ens 5 3 24 24 48 


This year in the shuffle of courses several changes in the veterinary curri- 
eula have occurred thus permitting a strengthening of the course in Animal 
Husbandry. 

See report of Departments of Surgery and Pathology for an account of 
work in respective departments. 

Respectfully submitted, 
F. W. CHAMBERLAIN, 
Acting Dean. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF ANIMAL PATHOLOGY. 


President F. 8. Kedzie, 

East Lasning,, Michigan. 
Dear Mr. President: 

I herewith submit report of the Department of Animal Pathology for the 
year ending June 30, 1921. 

The class work for the past year is as follows: 


Pathology 2a. Fall term, 5 hours per week, 7 students. 
Pathology 1. Winter term 10 hours per week, 8 students. 
Pathology 100. Winter term graduate work (minor) 2 students. 
Pathology 2b. Spring term, 4 hours per week, 7 students. 
Pathology 3. Spring term, 5 hours per week, 7 students. 
Veterinary science, short course, 16 lectures, 15 students. 
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Dr. Runnels has had charge of Pathology 2a and 2b and 8, autopsy work, 
examination of tissues sent to the laboratory, and class work for short course 
students. To him is also due the credit for the splendid exhibit put on by 
the department at the state fair and during Farmer’s Week at the College. 
The major part of the writer’s time was spent on his studies of the diseases of 
the reproductive organs in cattle. The results of this work will be found in 
his report to the Director of the Experiment Station. 

During the year we have held autopsies on two horses, seventeen head of 
cattle, twenty-three swine, eight sheep, eight dogs, three cats, one fox and 
one rabbit, one hundred twenty-nine chickens, four doves, four pheasants, 
two turkeys, one peafowl, one duckling. 

Among these we have recorded the following: 


Horse, Wanker of feet, .a'ts! hae Matern. fy, etic p eat a enn cee 
Chroniehypertrephicenteritis. 1.0! ae, -.) 2k eo eee 
Calf, ACUTE TID AIINe io? Serer d x ays VAke Sane arate ae ae ea 


Cow, Fracture:shatt of night aleum:.... / J ee ee eee 
Calf, IMGNStEOSIEY NOt on ty le isc, ut 3a ee ee en eee 
Necrobacillosis lary... (idle! sad... ee cee ae ee 
Peritompties 4 A Be es Ao vin Bene eae eee eae Nan 
Cow, Pyeng: exte Baee hc. fn ereeee I e Uk VAN eee, cae 


EMT OR CULO SIS 5h ducts foed spe aS evenrie a. hee ode eee ance ee 
Sheep, TEBE da fsc oh Shale eases «bee IE he te Be oer ae aa eg 
Forage poisoning i: sc) es Bee hae ee eke, 
Pneumonia, ‘chronic indurative:.) os. 262 een oe ee 
PETC OTIGIS 5,56 eee some Oc henge Ae eee tie eae en eee ac 
Swine, Acute fibrinous peMmcarditis2 (> sie We eine cee ee Sere 
Acute intestinal imtoxication 25s. fase cae cere ee ae 
Acute parenchymatous hepatitis with necrosis............ 
Chronic parenchymatous mephritis :. says. ee 
COURIBS oa iS athe nth oe ce Ag AVIS LIE ee Se Seg 7 ee 
Cholera: ¢, 2) FS aeeiarea ciate cite tal hares eee Teens lay ener a 
Dietary of cio ee ote oA Bees one one at cee ee 
Intestinal ‘ascariasis .i.2/09 2. ot floc ee Rae ee eee 
Ruptured stombaela. ys... Wars hee wee ae. eee 
Veriminous PmewmMonia «4-9 [yee ORE oe eek bee 
Dog, Acute Intestinal antoxications 5, seu sam eee. ae eee 
Canine distemper and demodex mange.................. 
Intussusception, small intestine ‘8. 8 2.).in a Gee eee 
Peritomwtis ssc on soa es see I Le on ae eee 
Thrombosis jugular viewers i 0 eee one eee 
Ulcerative stomatitis and ulcerative enteritis............. 
Cat, Intestinal helminthigsige 200 ae eye eS eee nee 
Fox, Wincineriasiset. sts: he's ee ae ane ae Oe ee en en 
Rabbit; “vAcutelobar pneumonia’. tee so eee ae ee 
Chicken,’ Avianiciphtheria,sfs)3.6 Meo ee eet} Ee aes Wee ieee 
Acutedntestinal intoxicattioni nay ia Wee. yo eae 
Acute phiegmonous: ventriculitis jan vnsnt ee. ek a eee 
Bacillary-white diarrhea <. 5.Gia seis bohoe cevenls 3a eae 
Coeds asig s,s c50) eugene emma 


oe . 
Let ath el ee OOP a ON ao en oS et oa oe 
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ray EOE mater ens Sts de tee im, Beats SW lho h ine vy ore 
Rereeei sey aes oe ey aie en Lr he eee os Petre deste cleteant 
Pipesiiie b REMI OISSIS),.. 7 46.5 SES eit eee Bek RRS 
Pareiite iia te ans ee tae am oe id Otc ems beeen ee 
EPH eRO EUV ET e811 dak hn win Ast clog wate seta ahd. om, 5S ok 
PSI DIETER OST GR Sede pS Mot POLE ONEP let) MOL e eer e eat oe eee 
Suffocation due to mechanical obstruction............... 
PPC THATEINE el a eae eer era be Seen CA Ae ee) a My Spa 


Le) 
EBD Re Be he WOOP OO 


Pa REET eb (PC REULOSI Se ok eit), eke Spe he Sink! cai police fo ars VOD eo He 
pedro wiles HerorNeAauibis.:”.. ¢A:. Aes Dau ails eek dew vise BER Bes 
uncey em pera Hepatitis. 8 on ewes he ye ae a ee Ries 
Dove, eM GULCH IS PICEM sya ye ext metas AES ron cess: fen ba ae eee 


During the year we have received for examination, specimens from ninety- 
nine animals, sent to the laboratory by veterinarians and live stock owners. 
On account of improper preparation and packing much of this material reaches 
us in such a condition that a diagnosis cannot be made. Out of this material 
we have recorded the following cases. 


ores jad veolar sarcoma, DHEiyNX 01.4)... bos on aot 2 ao nee 
iiiesenalLatroneyiisis oc. la vtgbes ole 3: vs sntiieite wl ws ode 

PEPIN OMIA, TA 2 & 162. oligo) ym abo iy bee ak oo wads eases 

Cow, EE MCUTTONOT Ld 3272 1o Be Ee aE Pe ea ak, Ais ye eh eet Men eet A ok 
Calf, Acute parenchymatous hepatitis. .........0..0..c6..000.05 
Cow, Chronic interstitial nephritis and eystitis................. 
EW Obert TET Th Oe ga a ee OU Oe Ne CE 
Malionant.casatrhal feyers.).\.e4 dass lta tee Alan lees 
IMiclamencHr come <4 ic. hose Bid an, 9a) here sep hy ey yea eddies 

IVE rHACINOSIsaLer. Pdi jyc seed sovige Cette has hv Mina i 
INCEROUEUPHE MEN OMIA Ao hha 5". ch. habe oe Uy th RTL gt 

POEL W Gy fom CtMIOTIE oy ape a fee sie 2. hee te kas ok soos ie eat Ee 

Peeudo ie ulcomatays casted reas, aie ten, ieee wether Wa 

SRITT SRV CL STIS Pal ee, lcs age a nA Rea Pe ue ergc ned 

Calf, BAECOMAlOSsIG: Speen and ULVEr, 2... 2.)ioiags «wes oh hayes Ohne 
SHecens ) Slemiorriagse SephiceMmat (a) 0)) 6 oe ein eis og paleo OB a 
INGCRGMAGIG RICH E ey Den a alate lags «Wes ean ern ete eves 

Pmt N Oca hr SeAGem a. eer Lens ater te es Sicha tee ol 3h noe ot hy 
Pines. Cat arrhalpnemmmOnia sh. Aneto otha t awlnhe s lngdhave tt los oe 
EMME HSIGe ee es era Musk Pint WEY ees Ue ek ta Megat | 
Peitymiiltragon liver. ae) o0 ee se ss weet ee dc ee 

US FEs0 Fe ICO) D0 a Mee wear Ona a aoc UR Cnr OPIPRE. 5 5 RAR oe 

SWalley n  emonrhagic ENnLeribis.c:.. 5 sueiic ele NE So yule 6 slelonn bes 
ER yeiimeahresign ve ita. (tere wey eee go Corea WEP 
MclanO}SATCOM A MOSeN Cul eR ey Us Pins ee ay) 

EADIE late TAU MULS eo k SPO Meee eA a Mates ps sad sd as oars Peto 
Puppuraiiverhepatitisne. 4) Wii Meet eh Ari. 

PEMIDET CULOSIS Sees fet ee ho i Uc ty Bin Ve OLN 

Dog, CAMP ARSIS LA) Lats Pin nee Fok & BOE SAAN EBD RE RN Ane ON eh a 
ee Tee ea eee We ae a hs NRL ET a 


Cat, Eezema 


eye S/ cet 82 uso) aygelieliiwiiielte. je. is) miie) 6 \leiie/ « «lis w1\9) (e) .0) 6) iw) /e:qeitie i.e) .e!e'0 (0) (e) ea) 0) 4) 011s (ele, 


Be WOH ONE HE HE BP BH EP NDE NRE BRE RB RB RWW REP RP Re Re Re eRe 
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Fox, Acute gastro intestinal intoxication.............5......+< 1 
habbit, -luobar phewimonias: - iets she Lee eee eee 1 
Chicken; dematoms, of -breart: py siaoe hee eee EL ee ee 1 
Phetiionint ere eee "Ais eae EE ee ee 1 
DAR CONIA TOSIS erases ei sateen a 5 
AUDET CUNO BIS arses aie Seer 2h, Mee he 10 
Turkey, Infectious entero-hepatitis scm «se eee ee 1 


Respectfully submitted, 
EK. T. HALLMAN, 
Associate Professor of Animal Pathology. 
East Lansing, Michigan June 30, 1921. 


REPORT OF THE DEPARTMENT OF SURGERY AND CLINIC. 


President F. 8. Kedzie, 

East Lansing, Michigan. 
Dear President Kedzie: 

I hereby submit my fourth annual report of the Department of Surgery 
and Clinic for the fiscal year ending June 30, 1921. The recitation and labor- 
atory work of the department has been handled entirely by Dr. Sales and 
myself. The ambulatory clinic has been handled by Dr. McKercher and in 
a very able manner. In addition to the regular work of the department we 
have given instruction in Zootechnics 1 and Veterinary Science 2a, 2b and 2c, 
which is elective for agricultural and forestry courses. 

The instruction work for the year together with a tabulated report of the 
medical and surgical incases and medical and surgical ambulatory clinics is 
given in the following tables. 


Fall term. Winter term. Spring term. 
n e n 2 n te) 
; 5 2 5 z 5 A 
Subject. g a 2 a = B= 
aw pea ara pond aa S| 
oe Ss So Ss SS So 
SE | SE | SE | SE | BE | BE 
Sk Bw Bk Bw #2 5 5 
sa | 24 Sa | 88 $a | 8a 
[o=1 | =] =| [e) | 
Burenyyl sts ost), iteration Piers ic tetai-torctasra et ree poise Ph See Sea ea 4 At 2 SOSeh alt Rhee eo sieraarallepereemetcrs 
ROUGE VA 2h. cra cise Scie tore ia cteseceah Seats te iteten cou ees revere ast eaele Eafe ecco les ere tegen | Rare eae | sO ea Sara crate 
SUN PONY Ea! rs cree erase ooo ree ST TRO Se LL SE REED aE 4 TOS vnel (teeter searevetel| inrcvecstoteintey | eeaaetetateaaes 
COT Re eA Anstey Sarr ee een ROS ERG Allan 208 ancl dads cost DP tives acct encestete eee 
(OTA GY. 40) See ee ni ee te i nea fe en en aoa eS) Aiea alles Gos baaaseoulladsostoc 15 
CIRO CIOS SAE ara ALA we Arg pep Aer Up ay A Ame eR 2 2 oS Notes 8 SDB AW eset crste cto laraters foueetes| Restele ocisre ne 
lined eee ee i aes Lis ia erie eecie ine ete te ralevalevelete eiesaretatorerer insole yore bepsicists etell ee vedere eeeeneerets 15s Beers Grivel aero mioans 
(CUNT en ee en ee ee ke ene eee ee i eee Te ASAI no caca tila suane tol nanarsoo |sonouct™ 15 
ISTE CIRO see ote ciaisicrele sie er TR eae ee aT oe Or ee a leer neoaee as Bees seicllta reall aeerectmers 
(SHS 7 ne oO RADE NC NET etc ue tel Saeed ap Rrra sil bd A a|logunocee Ais | 52 eine | Sercras atoll istaieiomne 
WQOLE CHIN CH teres etic rafie 0 sree cco EE I ee ee ETE | Seer eel lcemecrets 2 Ble Meeca tia le ssienstaets 
Veterinary science DEN Atareeue ey lahvcovaloieter eae eels use ices eit ores De taiscoses all oye tio ienceillateeetio’ otal esleicrete sisi] Ghoveeieeete 
Veterinary science Res RC cere ee rn tho FRR eA ee Ma | ea onl ene eae | eayane sysieuail hace sere ete | eewterstesere 
Wieberinary AGlenCe:ac s <b ce tnce miato:ticenc yee Be cee eee Ieee ll a eae oats | ecto areal Ym era eit eam | eee Dal eeynyShte nee 
SHariacourseuveteninanyesclen cepa pecs nine ein ciaceeien re meeie eieiniellineierteen ec eee Gh Po Neartc | ORARn Ce [oder Coc 
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A TABULATED REPORT OF THE AMBULATORY CLINIC FOR LARGE AND SMALL ANIMALS TREATED FROM 
SEPTEMBER 1, 1920 TO JULY 1, 1921. 


a 

=| 

Medical cases. & 

a 

oO 
ICG E pak oh 25 ep ob SOD O HBC bocamo soe de Scunpnodeeounpeee enoeeesde|) 6!\JalPosaeo| feobeo! |Qooder| [ss cood |aneood |sdoscc 
SGN GESTED GIB Oe Opec OSI 6 DUGASS EOD Ur GUD Senor Sp BE DSU COO DEeDOD a] |odoowal lal lr7a| Hogcos [scot  |SEACSE lo>obar|iccsadc 
PE ORC ERIS Hemet rere ae RIN tony AE ree eee cn Sorrell ote, We [ace crilteerrsse |p omao [eraderltese/atatere 
OGMCMITANACHIONS ce cryaeccic ae ells ee ele er acreic eee oa Stae ee lola tele eeietelercteisierscieifin AZO) jlo sie. s:sf0'] sfo'e\si sie lo, craiais olfixciogeronel| [miateretevel | evaraatare 


Colic, spasmodic 
Wolicktympanigseteh tote retan's sic alate: orareieder ie att telais level oreiccie nisin es 
Congestion of lungs 
Constipation 
Chorea 


Eczema 


Gastro-intestinal catarrh of sucklings 
Gastro-intestinal catarrh, chronic 
GARI IS yee ee eee hic ear nte cae eiparcrsistoee isle balers victae ciotecete » cketore ciate |ferdiaiateis | chotetaxe e [lviatete-cl[ ccesree a ph) WON) fiseeseterege[ Byeteterens 
FETC UCT OL ETA Ue PE Pepe S NS ce SRI Pak ere rc crate a ce a) las acta tenerel hl rato rere ul & avavaya,ciDisvetsrs: Sem [A pert teccrshate e)] dtm natotone | (enmpeterers 
LOGIE eee Se See ee IRR OCA BOGE An nce tions Aan (Besos! (Hosmer Igmectia seein Mar oR UN era 
Intestinal, catarrh 
Impaction rumen 

Influenza......... 


eiejeteretoif| 9) fey Iisvosecwiels! [fa 'atwiw!siei|\s'weteisinilis « pcarer=)i|s) e/a] 77>) || > =xere 010 


IDTTTUIN Ee bins a aaato due ode aon evodeno De snco pho aet OAD Sates eoone ae 
Preatnanelts ER SRE Pree cu Sots hee sasiele shel lsvoteTeaeaslerotaets stole ole 


Mange, demodex 
Mange, sarcops 


LAGI a peda de ton NEA An habaa BAR bac enE eG COpAS Se ROE OaSOET Cee Ona Aae tal lctonor 
Pharangitis 


LUN GUITEIET OD Secope SbSAHe: BOO Sen OAGHERS SBT OGO BOOCREO UA GRe DE OCC RE G| Eeeral Seaeral emierod| sacoca If cA opcos| canoe 
Stomatitis 
SLi Eo ri eB COGEe BP ORO COE Ben TOO TUSE TERE GDCAS ORE TACO E HONE Sorat ile (cin Seemeat sheore Imsgcod (Sancta pogo |[anbioLs 
Stomach worms 


ETE GC Ci as SANS ce OE ean Ta) Risen Me eM ied re (MM a Ee eS Ae 
paint perioardii. 12s ese iop ieee tee re ceeeseee feces BY asebalerea ge] cane] 
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A TABULATED REPORT OF THE AMBULATORY CLINIC.—Continued. 


3 

5 i=] 

5 a g 

Surgical cases. 2 2 ¢ A Z Z cs 

°o {>} 

ac Weed Se | eS as 
PASE CATS ATVB fey = ok uc ois cee ee nr oN orate cs mie Mer ara Gone Ll creer likin al a ostastell eee | See 
IANDSCERS, Prose d state nave hein oer SE eee cen eae sneer 2 Oni eer aey tel lier 10 el sees | ensues 
JAG) 010) CDE MAINO FRR ERG REL. oy Se, © A OU a Ak Sa RN oh ee ee eee apa ar (el an elaciel Pe Are vol GARR ara arc) toe \s. 5-00 
MAT UD TAB ce toee chara sv tosh ae oR ree eee ea eae ceeca eee ere aaete all afte 1 TEA a eseets| [a crests Ar sil PRR a Kas 
(Oram d tn Oe ee Peed ae Sian pacha oi AED One eet sii eee ine cab Sept rg aac yA esta easy (Gn. nese IR RE HaE EY lysine 
Contiston ce sae erie eA ee es trae Ue meh Sra Or 12 Ds | harocsveuell ke ee eel are a oe ee eee 
GHOK GY ihe cdet 5 GS CC ICE Oe tne Meee he ies Went taeoeeake oat ora ace tes | eerie Di) pre S] eee resell aoe eee Seer oes 
(Galbarracte wih cct. or Pea OS ya Scone a hea ee a Se ee Meg tye eee areas fall ge erase hogar ol Repeats MA ete tehe Pes ers 
Warlesidentumse a,c rire aeeem ne aetece rhe rte cea ea ome eee eee 1 ICP enesed| Nee eet teeter lle s.- cas3 tS eee 
(Castration: simples ae ett ae citer alco oes cake esyomewe sdb se seer eas Cp ts co eee So lien yarn Gita 
Moneussion of brains teresa ryan jeiatszts ciara cle ee net iol a OEE iste S| erence Mel ll eyetersyall eetaeas dl ee poet TW REE foe 
Conjunctivitis: peehen seis ce coos Motem een Baton Den apieaienterter Lb Ase cata ve feteray| anaemia ae eee 1 US Pees: 
GOLDS) yee tee deme Rie ie chemo nT cine @ hiniaclaiy feRiO ate elie Meee aster ote Ly eee dargll gated leant |e es | mae | eee 
(COND eee Ree one caesar We hs Uae RRM BADE aoe aes ate Iie ae hed| eeeAPes Meee Kn walleye oellt so Gps 
Wastractionteryptorchid’: asstosiose als co us Gee RET cook cee eeeeee eA eee) eee emer) Reiser Iicteicia's||eeoia cc 
Dystokia SS MOSER OAT Oe AOE ROS Ce EERIE oni Bein SS eta a crimes 1 7 Dic jecosstete ble ee Akal eee | eee 
Dehornineiarttceie neces erste. FOES OU NNN ne dy etl eres Gettin gy GON ceeartiet ll Set alallag bee ate] oreo | ere 
Distemper vaccination (prophylactic)... ...<8e sacs ccee ah averce te eee ever overnite (eave eee «ifPsert ete el Poie.ces cusll eqn aver ye Reeeenel [ten c cic 
1D Eitan ts eels pee ie eae an On ee Seale eee Pee, A Ode cy 1a een eel ler eee | eas 40 | ee | eee 
HIMGOMELNI GIS Mee paar ak atc sae Sete eie ita oer coe TE at ey Creal eerarione 08 een SEE ose rico aoc Se.36 o- 
DXtErDAtiON Oley ey Delle i eictmaicpey cen ee eee ees Meet Roce ic le cia hapa arene Sl et ogs rel | See tetera | ect ee | Ree ONT ea he ee ae 
JOVEYG ATLA) 0 0) k's Ca eRe RD SiGe LEI cane ee ecisio nici BEATE Co cioksens eer Ree Hh | csc agelllesesoteutys |e. ¢ oe ste | sees Ae 
racture of lumbarverte bree .o oan. lech a socive cian soem ne stien aerate marl le Roope rosan| inrateeleadaad 1 his een 
firactineofpacnumu mille) eeniSatne Aeterna ee eee eee ne erate Wye erty RES [ae SER be tose ll haces mlotel | emeetaneess | eee aren 
Ea etlre Oh PAUSE wat cick yee aTSh esta eyae aD cat cote irs rlone a oar tet estas | ee toe | Pada Oe 1 Gal eerie ae al 8 
Bra citine Of TEMUS Ee ler cas ches meaan hers sis 5 ates eiclese Buse tic ean Sia ste ero siater sLesed [Yoee ote ed | Mccatetebal| asters eee Pl eeaestin | Ksoons 
Hrachireontiblan teem eeneee SIATCHS PPR EAS. Se SA re eee | ee ms | EE Ba ae ela Dae eee TA Mee ines 
IETS EU ee beers yeh Sar ytd cheat ae niece ters seen Eto RASC ANS Sel i ae Baal ee oa I ae el be Dye Neal Ree 
Hraeblne OL Cigitsy cnt) ch ett: oe eee tas eee Mate TERT SRT arte o eyara eter | ens Siete |e ae icra | epee lhe ee ee tt] i .raeall nee 
AHEStU eof wat hers. crs ieee ae care Me cise arte Obie betes hore Seater eae LO NPS ses cccttaves|epels aval Petre veel mile cae este tone orenetenete 
(GON IS Seta sera rath ae Bs Ts De An ne yan Se ESTE ee 1 Mh EEA I creta| eeetarie)| orate eee eee 
(Gonber ts Seep cies icistotche arclcte on ae SECS aT ee ee ae Sratteore ye etal scat 2 Del eehyees 2 ae eel en ite 
Gastro hy sbenotomny ess \vcscciec cick eae cae Beco Reale te stale ite Seats one eb nleyste 4] elas yreccll eee [Reread | eet Di ie aes 
Hinsjoint lameness: strc tact os ee eee ee nee ween ree 1 eras SHcae Samer s netic races | (tooo 
EVGA LOMA SSS Note Ree ete tas ree sete ae eee ee eros ea | eee be Pe | Ie a De een heaettegers 
TiS MSH Bin ee OI 2 | Ueto ES A ot Se ae a aR, ere AE Ay Sh 1 A pcr os ent a 1B ESN PER es 
Tiare ini tts Neve srrst tate =, Metre ics eR eee noel ike RSet ee eae UA Ror ayn les 5) eee lnetese,erell Inesodis| |p ooo 
IDE RN TOT TEE eae Ria o/h eet! en On LG SAE 8 ee ee inom 1 1G Ws eet Nees nel Eisenia lan eso G| lboc.ooc 
14 EC [nt ca si DR a PO er ed aM RO TS a rear | (ier 1 ESP) peepee ae (eared Orel eine inierineuc 
IMEGETIIS? wcicro Bc Se OSE ic le lore oe yn GEE ee Pree (hd how Syl Sheed [Pioneer lie creo cs 
Navicular disease. ..5.......0.-.0.++- See Mee BE Sai ose cae Dane 0 Seeks legend eoeiel lantoeclcotescdiing aac 
INV POMONA 2 se clse alee a ee ee Tae enero ie erernieaepat eel ones 1 eel |ekomas Iaa o| ler, weed Intocallboases 
Oneniioint: (4) athe cece snes eee Re epeR nee eee epee cat rece Wieisi vera 1 eet ioe rally Sot (ae pistes a | etrerere tell ae bere 
(OTT SAI ewer ene Se Pe Sena Baier tot Spee A Lore Re Aes acies (sei cers | ISG acotsl cota nab oe Be eeerad| onc 500 
LEXTOV1015) Ag A SEL PRIS RR LCR. thy SALAD 2 Se Beart geae or RS re MeN ln bt oi bec | Meh eel Ae OME Slices eal leas o 
ehyaicalvexamina tions eect tees cee eee Hoe ace fore eure ean ners. OO! eerste akeus Seancl| io ete eeteeaaeel tl eeseeusenae 
JERE foe ee ran | mre Lae Eh ee mee) aie ae Te ee era RO Olsen camial aetostnl latrow cs Die cee ceil eee sens 
TRAOU LIS WT Se cherry ETA eee cen eee TTR TEL cof S| eeeciee| eae ile) ees leigtatga c 
IEROWMDSeHUICerUs ss ech ai. eaae centers erase eon A inert eee ae che eiteetall Benes Dt Sa tete reach ee ool eye eto | eveech ete ail emrectens 
IPALGUNIOME DATCSIS: (ccatk a tel eke meet hee Mees tiara eter ear aera eee eel |e ere SIH [re tekel Wadntea tl | ies ot | Pee ete fecha ota c 
IAN OPHER Tatra a te ty coy te tte nOEe arte eae ee ar Ae Lemna ee HU a Poke Mig es Oa Did alee lee aol ceive eter 
HEPARTEA EL HULYIN Sooty esc save cae hoes ere ee chee eRe apa na aaa eh neste chs etna eee CAE eas sl leer ete oes eS sees An's 
[ParaplrymOsiee sh sey wien: Oe eae Gee cha Ue eee Tee ORE nee ee eee Zale see, a uoeeseesel len verclaatl|leretate tien eee ae see 
IRGRUGUANITACHUSE Ss ox ha keine hot Rok deiere ae tan acRoe meee tion Dsl |e Pastete. || atereeell aietec lel Were cheval eve snete all eaeaeretene 
Rerindievopthalmiahe Shannen cme is Laks io ore ae Pal ete Yell ling cesta leet cl etkaaeke| eects lot bar 
IPANERISG DOB U DALE cievarsth cae ee Role cicc certs: peresien he et eee oe heared eee 110 Pe 8 halite) ge atc | (ce get eB bs bose 
eTecanioneee tees tec 9. ire te Spice, goin ct a ieee atari, crew ehelgey saan ate Ae eee OU Wee ce eh Se ie | fo ork al [eee eset] ec taeteee | eneeaecet 
JWT OETA S| ee mPe eee es ea eats Gea niet veetore erm ainotie are tia oe 1h beach ct echt rel Mae rates Mere tr| Bae ois Gop toc 
(CHUTE. hahScEhRA CHS ECaeT AccI II A EA at SO Sets Oe UE eae, Hast eal Rigeer ee tye Di alist atewetaray Neate ll ehcteniee| ieee] coer aetaedenee 


DEPARTMENT REPORTS. 95 


A TABULATED REPORT OF THE AMBULATORY CLINIC.—Concluded. 
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A TABULATED REPORT OF THE HOSPITAL CLINIC FOR LARGE AND SMALL ANIMALS TREATED FROM 
SEPTEMBER 1, 1920 TO JULY 1, 1921. 


Medical cases. 
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A TABULATED REPORT CF THE HOSPITAL CLINICS.—Coneluded. 
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The total number of medical and surgical hospital cases treated during the 
past year was 631. 

The total number of medical and surgical ambulatory cases treated was 
1,069. This gives us a grand total of 1,690 cases treated by the department 
during the past year, out of this number 414 were horses, 517 were cattle, 
132 were sheep, 14 were hogs, 495 were dogs, 35 cats and 93 chickens. The 
number of cases treated by the department together with the large variety 
of material available for instruction purposes has been very satisfactory. 

Respectfully submitted, 
JOHN P.“HULLON: 
Associate Professor of Surgery and Clinic. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE REGISTRAR. 


President F. 5. Kedzie, 

East Lansing, Michigan. 
Dear Sir: 

I have the honor to present the following report of the Registrar’s Office 
for the year ending June 30, 1921. 

In the regular college courses the enrollment for the year is as follows: 


Agriculture and foreshiy . oe. sao. hea ee eee 565 
Hnpaineeriie © 274.05... Shae aot: ea te ee cere 523 
Fome economics. 7.24.0) sneha eon eee ee 372 
WetETINAI Yc er Ps oes ls ee ae eee 25 
POG vane ghee ee eee ike ee eT 1,485 
Bummer school eas; 8Y 4:40) ,de arene ee ae ee, eee 263 
Graduate curse 2.507. 2hoe sas a ee eee ita 
OL bs, sa Rilo Se een TE: eee 274 
Short courses: 
Two-year, sixteen-week’s course in agriculture....... 154 
Two-year, eight weeks’ course in agriculture......... 66 
Eight weeks’ course in farm mechanics.............. 18 
Four weeks’ coursean poultry. 2 42 soe ee 25 
Hight weeks’ course in dairy manufacture............ 16 
Hight weeks’ course in dairy production............. 12 
Hight weeks’ course in horticulture. . ie te 20) 
Two weeks’ course in cow testing and dair 4 barn man- 
AGEMOI oo ce LE Ghee Ete ope Oa ee 19 
Two weeks’ course in ice cream making............. 19 
Four weeks’ course in truck and tractor............. 161 
POU Bees SNe Sea eA ee ae eC 510 
‘Total in all courses. ......... SR So iat oe ge Nie SO 2,269 
Names repeated....... RES Sch i VO ree, Ss oP EA eae 233 


‘Net total... ENin ag CY Ss Gan oe VVUNue ees A tans es A eee 2,036 
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ENROLLMENT BY TERMS. 
Course. Fall. Winter. Spring. Summer. 
PE RICOLG Me ANOMEOLESGL Yrs = qs re.ete «oc eis wo = = sgn = ane 519 517 458 134 
EM PATIGCLINI Sep ce) sie yeast Neb chetei eo eke oko Rates wie ar bars 507 467 428 62 
EEPTEGT ECON OMICS forme cee e Gives Gre lake Oe suvis ae vin wieaesce 355 341 332 67 
MeELORIC Ary MeGICING yy. jae as ce1s 2 atela ie se oats ja, Ie eae anaes 22 22 DS" Ni erdvavedapenaretens 
DURST OTD, eRe eno Cat mete an ie a nr n Se eee 8 10 Qhiiaraienn eres cae 
TREE TIGERS SS aia Byae oleiorn Bediavoled On In ee CGIAR cos Ens) (eRe chs. Rees] Dene Ai el caleecd [Po icra reais 11 
BROitchl Ss eaece hs Piece ha orale cre Severe coe ecw cae Mute 1,411 1,357 1,250 274 
ENROLLMENT BY CLASSES. 
Agr. For. Eng. H. E Vet Totals. 
AG RACMALOS ta cy clvrs 5 ae ee Riera e UM Perey syavenke eed koree ak che eee Gre | takin eens sy 2c Susilo ey ehoee’ ores 11 
PCRIOLS a tale oratert cis. leaves cee eoe 87 6 70 45 8 216 
TTI OLSR ee ets ces cea he 87 12 88 73 4 264 
BOM MOIMOLES r= tols iia eee ee 123 20 150 108 10 All 
iNigsslabad el eae een Se eiemotireS NO Zi. ua 2 etaeteee 214 135 3 549 
Special students.~ ..2.:..... PPT | ats ea ene eee 1 1 i haem in ee 34 
Summer session............. 102 32 62 GU eerie hoarreseee 263 
ERTL ABLE OLA A Revan oc cte rersee lt ecto tags) eae lic attan aeat-e, bike, acl “ams, cea ean re |e ererote: Sa SPT etal eh aler atleast 11 
POUR Setevetens ater) cicere ee 629 70 585 439 25 1,759 
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GEOGRAPHICAL DISTRIBUTION OF STUDENTS. 


MICHIGAN. 

Counties. Counties. Counties. 
ANCONA a oti pe ce See hoes 1 Gratiot soe s cietete 25 Missatikee™ 25 tastes ce eee 
Alleman seta. ieee eae 24 Hillsdale. cea. . weer 19 IMPONTOG: cat% cs aa 
Alpenaie sy. feck. > cet eee 9 FLOUPTIEOM eae treee ee crete ee 11 Montcalm 52 Sos enmeine 
TNia Au boalAlacme Siseslencie san 11 ELUIOMNS jaf le eee karen 16 IVEONIT MOLTEN C Ye. erate 
IATENAC aro cre cote hee ee 2 INS AM Fecal sce e 244 MiusKe On: sc<.. 5 eee 
Beara Pars cs ae hip deierstat ever 3 OTM se. fedniees eaters ee atoms 20 Ne@WaYEO:. <0 ee ou oeaien 
BETTY ies ae ee emis eee 12 HOSCOMS ae Meee see as Sete 3 Oakland. toes. 5 nce 
Bien Stience tases ieheketere ciara 12 lbw) oWemnper minacrarcnpe: hice 6 OCEANG 2 aisha eta aera 
IBCNZIC oc Saltese cece en oes 14 AB ADEM Sonrcares ee he einer 1 Oeemaw- tec ceshi eo re 
Berriennc css ty ssoe cee eer 30 JACKSON Fats Gps ee tes eae 37 Ontonapzon! ssh eee 
Branches eter tenes 18 KalamazoOOn aun. 6a een sa 19 OSCGOLa Stk. 5 tac coe 
Calhoun, 2eedooeeenees 23 alicaskia aan wena ate 1 Ottawasse ae Teeehsees 
Gass eras eiter crete 13 TSONG  osneses teers, Meet: 64 Presque isle. sce) sees 
CharlevOie: oasis ssa et 6 TERPS erent ae Ce ee 20 Roscomimon’s: -) 20 ones 
Cheboyeanere rrr nictont 3 Mieelavailins veusnehe arises il Saginaw oicn...00 cee eee 
Chippewarecrrmearact cs 9 TEN AWE wc oie ess g casera 27 St. Clans o.4. 2c nereseeee 
Clave es in esa 1 MAVINEStOW. acta ieee 15 St. Joseph) 22. Saas eee 
Ghintones ster stecket te 19 TACO 5 ste nas ee tot 6 Sanilacsesc Ghee ae Fee 
 Gltameian. aera sak ace 12 IMA CKIN GG ao kee nic, Miake atten 2 Schooleraits..c-n - eee 
ID tekinsOMeveeer tee enrcrs coe 4 IMACOMDA cet ecune tee 11 Shiawassee............. 
Walon meee oete cis. csrets 24 Mamistee: ses scleicieece ff Muscolaneeeas Sree titi on 
OTHE bi etcr setors te baie 8 IMIATGUCTESSS oni omhacrstas 14 Van Burenteesi inc see 
Genescesy. 6 6 atest Se A2 VAS OT aee te ware at org esac 10 Washtenaw. .5 7. sree 
(Gladioyinis a oveyateys cancers Re 3 IMICCOSTO Aa 8 Ace here 6 Waynes. oo cnet 
GoOgebicu sees eee oer 3 Menominee....:.....-. 2 Wexfordit, 52.7. joe 
Grand Traverse iyi IMA GT anid) ease ee eke cree 3 


OTHER STATES AND COUNTRIES. 


abate ane, eas creel alts 1 TU CUUANAD) eres pieete, buck ein ae 9 DMV RN Ghee eae i ee 
PAENIVE TGA). ots ys hho fatale take 1 SRW Of cH 1 Bley MUM Ae sires 1 South Dakota an. ee 
Asia Oreste hie See 1 Massachusetts.......... 3 South Carolina......... 
@Waliforniaine.s 02.5 ese. 2 Minn esotait.ank cna es 4 ‘ROXAS! oe. Sasoh cra aie ree 
Canada. Hae Sone b ee 1 INGWJOISCY: Scacds wensiste-n 5 ADULT KCY > on One Aer eteteee 
[QA an Eee etitomrerG te: Bonde 5 New. Yorker ts setae 21 Merniont a a.t creo ewe 
Colorad Onset ae 1 North Dakota.......... 2 WAT PINIES ho cin ero 
@onmechicutien. oe ee tel 2 Ohio wae, Senter 26 Washington, D. C....... 
WD Sla wares oe, 2 ceo ves) ol 2 Oklahoma... 2s pene 1 West Indies... . 2... ¢eae% 
1 Df =a1g Ona heh nol hah Otay cRaICRORD 1 Pennsylvania........... 9 Wiest Virginia... sa seek 
LOTTA a act tcs  ice anete eee 2 Philippine Islands....... 1 Wiisconsitte,<mucerccneieee 
WN MOUS ri se erect 25 TEUUSSI aE cralecomta ooh sees » 1 
STUDENTS ENTERING DURING THE YEAR 1920-1921. 
Number enrolled. 

Apricultiral and forestry GOULSCs tia. cysteine ate G erehehaleteye hetoreteanl ener eaniteaoter cis imac niet se euaiouciesenstatees 192 
I NginGeriNg COUTKE's <2; fe oe eMrne Oe aeae eh ee aaie eigen ecole Peeks Meena pee ee oi see itenn ema 199 
HOmeGCONOMIES"COUTSES sc Sane sacle rete Pore sat eee ee Lee Sue Mereice hatte tells oe ane ORR I eine 152 
Veterinary medicine 3 es clea Poe ak tea geo e > ponte aah talo love are tentals leper e PNR ee Berehe Goa ohare cate re 1 
Graduate Students ss.cc Lo Seeks Wy seems dioncts tele i eh atin uc hneuciters smacks oper ee ey et oreier sete temas oS} 

OGL fois ale sro S4s CEs eee Cale atee vane pepe hak allawel che veule art teh aye se dant a Selle te tok eYs bea etme ea areas shoe cnet 

Preparation 

Graduatessofaccrediteduhbichi schools ;\.c.-as.0 swede eic eleor el clers sanitie Ee siois ucla eae PO 
igh ‘schoolicredits: and. examinavionsy ccc. cis atine wackeue aes tet ree erence tet eee te eee 4 
Credits fromvrother Colleges: as). rai or ene tela casts ale niece he cae Sees eee cree ne ae ~52 

i WX0) 1:1) ea ae re eer ne Tort EN, enn tae Meds wtih Aine tid ol oar A nn Oe ran ds 
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DEGREES GRANTED JUNE 15, 1921. 


Bachelor of Science. 


a, agriculture; e, engineering; h, home economics; f, forestry. 


Henry Richard Adams, a. 
Harold Dayton Allen, a. 
Pgnar Sigfred Anderson, e. 
Katherine Cornelia Andrews, h. 
Arthur Victor Aronson, e. 
Frank Winslow Ashton, a. 
Karl Deanor Bailey, a. 
Morris Joseph Baldwin, e. 
Elton Elmer Ball, a. 
William Ross Barger, a. 
John Oral Barkwell, e. 
John Haston Barr, e. 

Oscar Richard Beal, e. 
Marguerite Beck, h. 

Lester Leonard Beltz, e. 
Leonard Perry Benjamin, a. 
Mildred May Bennett, h. 
Thomas Stewart Blair, a. 


Richard Irwin Bonninghausen, e. 


Elizabeth Marie Burns, h. 
Stephana Marie Butler, h. 
Mitt McKinley Caldwell, e. 
Albert Reinhold Carlson, e. 
Edwin William Carlson, e. 
Nelson Raymond Carr, a. 
Leon George Catlin, a. 
Howard Neuman Chapel, a. 


Christos Demetrius Christoulias, a. 


Ralph Raymond Clark, e. 
William James Clench, a. 
Ralph Byers Coulter, a. 
Oleta Nancy Coverdale, h. 
Dorothy Irene Cowin, h. 
Catherine Augusta Craig, h. 
Wayne Irving Crampton, a. 
Laura Hulett Crissman, h. 
Guy Edward Culver, a. 
Dorothy Bunnell Curtiss, h. 
Dorothy Elizabeth Curts, h. 
John Sumner Cutler, a. 
George Fearson Davis, a. 
Arthur Ray Delamarter, a. 
Deuell Erwin Devereaux, e. 
Paul Eugene Donnelly, a. 
John Bernard Donovan, e. 
Orville Edward Dunckel, a. 
Howard Jay Eddy, f. 
Heward Ellis Elmer, a. 
Alice Amanda Ewing, h. 
Meta Myrtle Ewing, h. 
Henry Alvan Fellows, e. 
Neal Harris Fenkell, e. 
George Ludwig Fick, a. 
Herbert West Finnigan, e. 
Jane Irene Fitch, h. 
Herman Eugene Frank, a. 
Charles Lester Frankenfield, f. 
Kenneth Stephen Frazier, e. 
Herbert Alfred Freeman, e. 
Stanley Gaylord Geisler, a. 
Arthur Gettel, a. 

Frank Henry Gettel, a. - 
Leopold Paul Ginter, f. 
Bruce Francis Gleason, e. 
Louis Goldberg, a. 

Robert Fitzpatrick Gray, e. 
James Gordon Hain, a. 
Leonard Emmett Hall, a. 
Edwin Carl Hamann, e. 
Verne Leon Harris, a. 
Harold Yates Hartley, e. 
Herbert Bertsch Hartwig, a. 
Antoinette Harvey, h 
Everett Elon Hedges, a. 
Harris Earl Hemans, e. 
Fred Lewis Hendrick, e. 
Laura Ellen Hoover, h. 


Carl Mead Horn, a. 

Beatrice Winifred Hosmer, h. 
Leonard Daniel Hoxsie, a. 
Frank Sheridan Jacobs, e. 
Raymond Francis Jessup, a. 
Frank Augustus Johnson, e. 
Walter Franklin Jones, f. 
Leanore Kenny, h. 

Raymond Clarence Kinney, e. 
Hugh Alexander Kitson, a. 
Henry Jacob Kurtz, e. 

Ferris Hunt LaCore, e. 
Harlow Emerson Laing, a. 
Ellis Robert Lancashire, a. 
Theodore Latham Leach, a. 
Paul Hercules Lemon, e. 
Richard John Liddicoat, e. 
Tauge, Gust Lindquist, a. 
Lester Carl Lunden, a. 
Hervey Augustus Lyon, a. 
Pearl Marie McComb, h. 
Paul Hughes McCoy, a. 
Forest Rees McFarland, e. 
Carol Macgregor, a. 

Bruce Orlando McKim, a. 
Roy MacGlennon Maitland, e. 
Wesley Fuller Malloch, e. 
Stanley J. Marsden, a. 
Clayton Elmer Marshall, a. 
Arthur Dexter Martin, a. 
Ernest Dancla Menkee, e. 
Delia Marie Merriman, h. 
Erle Nelson Metzen, e. 
Gertrude Eliza Meyer, h. 
Frances Helen Moak, h. 

Earl Raymond Morroy, e. 
Dale Talmage Musselman, a. 
Russell Ray Nellist, a. 
Ferolyn Beatrice Nerreter, h. 
George Cleland Nicholls, e. 
Hollis William Norman, e. 
Geneva Drusa Null, h. 
Reynold Gilbert Oas, a. 
Charles Howell Osgood, a. 
Linus Carl Palmer, f. 

Ivan Ward Parks, a. 

Joseph Hooker Permar, a. 

J. Carleton Perry, a. 

Clyde Walter Peterson, e. 
Frank Carnahan Pinkham, a. 
Harold Jacob Plumb, e. 
Gregorio Obdeal Porral, a. 
Thelma Elizabeth Porter, h. 
Eugene L. Powers, e. 

Joseph George Premo, e. 
John Joyce Proctor, e. 

John B. Ranger, a. 

Gertrude Rankin, h. 
Maurice Benjamin Rann, e. 
June Christine-Rapp, h. 
William Westbrook Redfern, a. 
Esther Marie Rehkopf, h. 
Richard Franklin Rey, e. 
Fay Sydney Reynolds, e. 
David Keith Robinson, e. 
Irvin Albert Robinson, e. 
Fred Foster Rogers, e. 
Lawrence William Ross, a. 
Lee Joseph Rothgery, e. 
Everett Charles Sackrider, a. 
Edgar VanSyckel Sayles, e. 
Lyman Christian Schafer, e. 
Raymond Martin Schenck, a. 
Helen Margaretha Schmidt, h. 
Eva Katherine Schurr, h. 
Therese Annette Scudder, h. 
Marian Ethel Seeley, h. 
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Loren Shedd,’e. William Arthur Tobey, e. 

Jen Nan Shu, a. — Lucy Alexandria Tomas, h. 
Clifford Elroy Skiver, a. Talcott Miller Tyler, e. 

Ethel Meredith Smith, h. James Tyson, a. 

Winiford Grace Smith, h. James Frank VanArk, e. 
Floyd Franklin Spaulding, a. Charles Ernest Watson, e. 
Frederick C. Speidel, a. Keith Allen Weston, e. 
Fréderick William Spletstoser, e. Dorothea Marie Wetherbee, h. 
Thomas Albert Steel, e. Frank Harmon Weyeneth, a. 
Romine Carl Stoll, a. Culver Dumont Wilcox, a. 
Claude Melvin Stover, e. Willfred Brewster Williams, e. 
Wilma Phyllis Strauch, h. McGlenard Williamson, a. 
Ross Charies Stull, a. Walter Kenneth Willman, e. 
Wallace C. Swank, a. Sylva Wixson, h. 

William Floyd Thomas, a. Eva Hazel Wright, h. 

Annie May Thomson, h. Ralph Emerson Yeatter, a. 
Charles James Thomson, a. Sen Yu, a. 


DOCTOR OF VETERINARY MEDICINE. 


Roy Edwin Bergman. Xenophon Bryan Shaffer. 
Harold Philip Conrad. George Thomas. 
Carl William Dwyer. Asa Winter. 


MASTER OF SCIENCE. 
Leo Joseph Klotz. Hugh Burnice Smith. 
Lionel Tisdale. 


CIVIL ENGINEER. 
George Percy Springer. 


MECHANICAL ENGINEER. 
Earl J. Reeder. 


MASTER OF FORESTRY. 
Edmund Carl Mandenburg. 


MASTER OF AGRICULTURE. 
Reuben Lovell Nye. 


MASTER OF HORTICULTURE, 


Ralph Emerson Caryl. Thomas Hubbard McHatton. 


DEGREES GRANTED DECEMBER 17, 1920. 
Bachelor of Science. 


Gertrude Margaret Beebe, h. Cyril Hammond Mains, a. 
Bertle Gergstrom, a. Clyde H. Mitchell, e. 

George Sawyer Clark, a. Marie Lucille Otis, h. 

Roy Davis, a. Cornelius V. R. Pond, a. 
Edward John Grambau, a. Florence Eva Rouse, h. 

John Henry Hammes, a. Gertrude Harriett Tappan, h. 
Kenneth Carson Inselman, a. Silvere C. Vandecaveye, a. 
Florence Mary Kugel, h. Helen Marguerite Whitcomb, h. 


SUMMARY OF DEGREES GRANTED DURING THE YEAR OF 1920-21. 
Bachelor of Science: 


Arri cultural: .GOUNSES s perseki onus tievenestt lar iti ole aac eae tote eee GEIR eee ee Co IDI LS 87 
IN SINCELIME*COUNSE.—< esete pads, oor inte ee wir alenegenn tava el le Ont, Dae nO eee Decne archer ae 66 
FIOME ECONOMICS COULSE hfe re ei eps iale te ole, See here Aen re aie teaver aH elect Olena) cae renee CS eae 46 
MOTESLT IY! COUTSO. cree eto n aca keds, Bue Shae ib cl aust LSet Ue, Sia ae ae ic ee en 5 

MO tal se 5 Peer Bs fo Brio ew Scions eS er AT eG TE UOT ee 210 
‘Doctor ot-veterinary MeGiCIME yas: ass. cen a ePenceer leo ee eens ee Tee een oie 6 
Master Of Selene ss sais. Sisko shavereceee hon etree eke weer ene CRETE Ta hate eter 3 
Professional 'GeOPTCCS. | Fess FN ae wore Neo Stare cia in OE Eaae eee EL TOE eee hte 6 

oj 0) 1) een ne earner fen bane ee a nae h ePAR ee arin crete rw tr Nn wotcatail Cet ot. a tA e ond 225 


I should like at this time to express my appreciation of the work of Miss 
Anna Ferle, assistant registrar, and of Miss Delia Bemis, clerk. To them 
much of the detail work of the office has been assigned and it has been per- 
formed in a highly satisfactory manner. 

Respectfully submitted, 
ELIDA YAKELEY, 
Registrar. 
Kast Lansing, Michigan, June 30, 1921. 
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REPORT OF THE LIBRARIAN. 


President F. 8. Kedzie, 
East Lansing, Michigan. 
Dear Sir: 


I have the honor to present the following report on the library for the year 


ending June 30th, 1921. 


During the year 866 bound volumes have been added to the library, 
of which 532 were purchased, 45 were gifts, and 289 came by binding. 
Of unbound volumes and pamphlets, 78 were received, all of which were 


acknowledged when received. 


We therefore omit individual mention. 


For bound volumes coming to us as gifts, we are indebted as follows: 


Beadle, Western wilds and the men 
who made them. 

Butter making, McKay. 

Ingersoll Watch Co., Time telling 
through the ages, Brearley. 

Towa, 1. 

Kansas horticultural society, 1. 

Kentucky, 1. 

Massachusetts, 1. 

Michigan, 24. 


Michigan Academy of Science, 1. 
New Hampshire, 1. 

President’s office, 1. 

Missouri, 1. 

Successful Farming Pub. Co., 2. 
Smithsonian Institution, 4. 

U.S. Dept. of Agriculture, 2. 
U.S. Dept. of Commerce, 1. 
United States Brewers’ Assoc., 1. 


In addition to the periodicals purchased by the College and the Experi- 
ment Station, the library receives the following publications as exchanges 


or as gifts from publishers. 


Aberdeen Angus journal. 

Academy of Nat. Sci., Phila., Pro- 
ceedings. 

Agricultural digest. 

Agricultural gazette of Canada. 

Agricultural gazette of N. 8. Wales. 

Agricultural review. 

Allegan gazette. 

America. 

Am. Assn. for Intl. Conciliation. 
“International conciliation’. 

Am. assn. of univ. prof., bulletin. 

' American bankers’ assn. journal. 

American farming. 

American food journal. 

American fruit grower. 

American issue. 

American miller. 

Am. philosphical society, proc. 

American poultry advocate. 

American school board journal. 

American seedman. 

American sheepbreeder. 

Am. Steel and Wire Co., crop repts. 

American swincherd. 


’ Australasian. 


Australian museum, records. 

Bean bag. 

Belding banner. : 

Berkshire world and cornbelt stock- 
man. 

Better business. 

Better fruit. 

Board of agri. (London) leaflets. 

Board of agri., (London) journal. 

Boletin de agriculture, Sao Paulo. 

Boston museum of fine arts, bull. 

Brooklyn botanic garden, leaflets. 

Brooklyn botanic garden record. 

Buick bulletin. 

California, agri. dept. monthly bull. 

California agri. dept. monthly bull., 
experiment station. 

California acad. science, proc. 

California citrograph. 

California univ. pub. in agri. sci. 

California univ. pub. in zoology. 

Canadian horticulturist. 

Chester white journal. 

Cloverland magazine. 
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Com. reports. Issued daily by U. 
5. dept. of com., bureau foreign 
and domestic commerce. 

Congressional record. 

Constitutional review. 

Dairy record. 

Dakota farmer. 

Detroit educational bulletin. 

DuPont magazine. 

Duroc bulletin. 

East Lansing community life. 

Eaton Rapids journal. 

Electric traction. 

Electrical trade. 

Elgin dairy report. 

Etude. 

Farm and fireside. 

Farm journal. 

Farmer’s advocate. 

Farmington enterprise. 

Field illustrated and system on the 
farm. 

' Florida entomologist. 

Flour and feed. 

Flower grower. 

Fruit belt. 

Grand Rapids public lib. bulletin. 

Green book. 

Guaranty Trust Co., N. Y., letters. 

Hawaiian forester. 

Highway magazine. 

Hoard’s dairyman. 

Holead. 

Hospadar. 

I] giornale d’ Italia agricolo. 

Illuminating engineer. 

Illustrated review. 

Improvement era. 

India, agr’l research inst. Pusa. bull. 

India agr’] research inst., Pusa. agr’l 
jl of India. 

India agr’] research inst., Pusa. Me- 
moirs, bacteriological series. 

India, dept. agri. agri. inst., Pusa. 
Memoirs, botanical series. 

India, dept. agri. memoirs chemical 
series. Agri. research inst., Pusa. 

India, dept. agri., memoirs, entomol. 
ser. agri. research inst., Pusa. 


Indiana farmer’s guide, formerly 
Farmer’s Guide. 

Indiana’s friend. 

Indicator.” 

Ingham county news. 

Internat]. inst. agri., annuaire inter- 
national de statis tique agricole. 

Internatl. inst. agri., bureau of 
economic and social intelligence. 

Internatl. inst. agri., Rome, bu- 
reau of statistics. 

Internatl. inst. agri., Rome, bureau 
of stat., doc. leaflets. 

International inst. agri., Rome. 
Monthly bull. agri., intelligence 

of plant diseases. 

Invest. bks’. assn. Am., bulletins. 

James’ barn magazine. 


_ Japan review. 


Jersey bulletin. 

Johns Hopkins univ., circulars. 

John Hopkins university, studies. 

Jonesville independent. 

Journal of agricultural research. 

Journal of agriculture., Victoria. 

Journal of agri. and horticulture. 

Jl. of the college of agr., Tohoku., 
imperial univ., Sapporo, Japan. 

Jl. of college of sci., imp. univ., 
Tokio. 

Jl. of the dept. agri., 5. Australia. 

Journal of the U.S. artillery. 

Livestock report (Clay, Robinson) 

Market growers journal. 

The market reporter. 

Message of the east. 

Mexican review. 

Miami conservancy bulletin. 

Michigan business farmer. 

Michigan farmer. 

Michigan history magazine. 

Michigan library bulletin. 

Michigan out-of-doors. 

Michigan patron. — 

Midland naturalist. 

Midland sun. 

Mo. botanical gardens, annals of the 
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Moderator topics. 

Monthly bull., state com. horticul- 
ture, Sacremento, Cal. 

Monthly crop reporter. 

Natl. education assn., bulletin. 

National farmer. 

National grange monthly. 

National provisioner. 

National stockman and farmer. 

National weather and crop bull. 

Nature—study review. 

New York bot. garden, bull. of the 

N. Y. meteorology (Draper’s hourly 
readings). 

News bulletin. 

The North Am. veterinarian. 

Official gazette, U.S. pat. office. 

Ohio farmer. 

“OK” poultry journal. 

Open road. 

Orange judd farmer. 

Our dumb animals. 

Pacific dairy review. 

Pan American union, bulletin. 

Canal record. 

Philippine agri. review. 

Philippine agri. and forester. 

Power farming. 

Practical farmer. 

Prairie farmer. 

Professional engineer. 

Progressive farmer and southern 
farmer gazette. 

Psychological bulletin. 

Public health reports. 

Reclamation record. 

Reliable poultry journal. 

Rhodesia agricultural journal. 

Rice institute pamphlet. 


Rockefeller inst. for med. research, 
studies. 

The rotarian. 

Russian information bureau in the 
U.S. bulletin. 

School life, U.S. dept. of the inter., 
bureau of. 

Science and industry (Australia). 

Seed world. 

Shorthorn in America. 

Smithsonian inst., bull. U. 8S. nat. 
museum. 

Smithsonian inst., contrib. U. 8. 
nat. herbarium. 

Smithsonian inst., misc. collections. 

Successful farming. 

Sultanic agri. soc., bulletins, (tech. 
section). 

System on the farm. 

Union bulletin. 

Union of south Africa., journal of 
the dept. of agri. 
U.S. dept. agri., plant industry li- 
brary., current author entries. 
U.S. dept. of Agri. bur. of public 
roads. 

U.S. dept. agri., monthly weather 
review. 

U.S. library of congress, monthly 
list of state publications. 

Monthly catalogue U.S. pub. doc. 

The vocational summary, U. 8. 

Wallaces’ farmer. 

Washington farmer. 

Washtenaw post. 

Weekly news letter. 

West indian bulletin. 

Wilson bulletin. 


The publications of the U. 8. Department of Agriculture, and the bulletins 
of the various state experiment stations, together with the card indexes which 
render them of easy access, are received and filed in the library. 

We also receive the catalogues of the leading educational institutions in 
exchange for our own catalogue. 

The number of books loaned for home use during the year was 7,903, an 
average per month of about 659. No record can be kept of books used in 
the library. : 

We gratefully acknowledge our indebtedness to the librarians of the United 
States Department of Agriculture, the University of Michigan, the University 
of Wisconsin, the University of Chicago, the John Crerar library, and the 
Library of Congress for their courtesy in loaning to us certain publications 
needed by our research workers. 
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It is with regret that we record the resignation of our assistant Miss Palm, 
who has accepted a position in the College of Agriculture of Oregon, as head 
of the circulation department of the library. 

In the reference department much has been accomplished by Miss Feld- 
kamp, reference librarian in charge. Packages covering 138 subjects have 
been assembled and are ready for circulation. Two hundred eighty five 
letters, addressed to teachers of agriculture and home economics, county 
agents, the Farm Bureau, and the leaders of boy’s and girl’s clubs have been 
sent out, and 30 packages have been loaned. 

Bibliographies on the following subjects have been prepared by request 
of members of the College extension force. 

Cost accounting for SOULS associations. 

Cooperative stores. 

Pure fabric law. 

Cost of keeping horses. 

Agricultural credit. 

Prices. 

For members of our faculty exhaustive references covering the following 
subjects have been prepared. 

Farm management terminology. 

Cafeterias. 

Construction and operation of windmills. 

County government. 

The manufacture of charcoal. 

The efforts we are making to bring the farmers of the State in closer touch 
with the College through the extension of library privileges, seems to be quite 
generally approved, and many letters expressing appreciation of this service 
have been received. 

For our student assistants, Mr. T. G. Lindquist and Mr. G. W. R. Baldwin, 
we have only words of commendation. Mr. Lindquist was graduated this 
year. Mr. Baldwin will remain through the coming year. 

To the library of the Experiment Station 148 bound volumes have been 
added, of which 22 were purchased, 15 were gifts, and 111 came by binding. ~ 
This library now numbers 4,933 volumes. The College library contains 
41,524 volumes. Total in both libraries, 46,457 volumes. 

Respectfully submitted, 
LINDA E. LANDON, 
Librarian. 
East Lansing, Michigan, June 30, 1921. 
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REPORT OF DIRECTOR OF SUMMER SCHOOL. 


President F. 8S. Kedzie, Agricultural College, 

East Lansing, Michigan. 

Dear Sir: 

The following is a report relative to the Summer Session for the season 
1921: 

This is the eighth annual session. In accordance with the policy of previous 
years, the session was organized along the same lines as heretofore. We 
continued to offer a large nunber of courses taken from the regular curriculum. 
As a result we found a larger number of our regular students taking summer 
work this season than ever before. There can be no disputing the fact that 
the summer session is of inestimable value for the regular student since 
he is using it, in increasing numbers, for removing deficiencies, shortening 
his course, or obtaining desirable courses in addition to the regular subjects 
of his course. 

As in several previous years, special courses in agriculture, home economics, 
club work, and pedagogy were offered for the benefit of rural teachers. An 
experiment in this connection was undertaken. A well-trained and experi- 
enced teacher of grades, in the person of Miss Effie Caskey, County Normal 
Instructor, of Ionia, Michigan, was engaged to teach a group of miscellaneous 
school children from East Lansing as a means of demonstrating methods of 
handling a rural school. The rural teachers in attendance observed this 
teaching and then discussed with the critic teacher the many pedagogical mat- 
ters involved in such instruction. 

The practice of previous years of holding conferences was continued, includ- 
ing the Boys’ and Girls’ Club, the Rural Conference, and Economics Confer- 
ence. The programs were arranged in accordance with the interests of the 
various groups which included all told, several hundred people. The Fco- 
nomics Conference was held in cooperation with a group of rural people who 
camped upon the college grounds during their stay. These programs, in 
addition to using our own faculty members in various capacities, brought to 
the campus many excellent speakers whose presence here was not only an 
attraction to the special groups but they were a source of inspiration to 
regular students and teachers. Conspicuous among the imported talent 
were Dr. Thomas N. Carver of Harvard University, whose work in the line 
of agricultural economics ranks as the foremost in the land, Dr. Ernest 
Burnham of the Western Normal, a very popular speaker and student of 
education, who gave a series of addresses. Dr. G. F. Warren of Cornell 
University, was present and discussed the subject of price of agricultural 
products. Hon. L. L. Driver, State Bureau of Education, Pennsylvania, 
talked on school consolidation. 

A very important group of summer students consisted of public school 
teachers, about twenty in number, who are preparing themselves for teaching 
under the Smith-Hughes law pertaining to the teaching of agriculture in the 
existing high schools, and especially in the agricultural high schools now in the 
process of organization in many parts of our State. These men are graduates 
of liberal arts institutions for the most part, and are experienced teachers 
who come here to get agriculture. The summer school enables them to do 
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much of this work at that season, at least to reduce the residence to one year. 
We have students on the campus who are now completing the year for our 
degree. This is a splendid feature of the session. More of such students 
should be encouraged to come to us, upon liberal terms. 

It has been the aim of the management of the summer session to find the 
fields of service peculiar to the College, and to refrain from entrance upon the 
territory of other institutions. This policy has been adopted for obvious 
reasons. Duplication of facilities in an already well-occupied field, is unde- 
sirable; the special facilities of colleges such as this are not only desirable, but 
are in great need. Faith in this attitude grows stronger with each summer’s 
experience. 

Respectfully submitted, 
E. H. RYDER, 
Director of Summer Session. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF ALUMNI RECORDER. 


President F. 5. Kedzie, 

East Lansing, Michigan. 
Dear Sir: 

The following is the annual report of the Alumni Recorder beginning July 
1, 1920, and ending June 30, 1921. 

During the year we have been adding considerably to our alumni records 
and making the individual records of alumni and former students much more 
complete. The activities of the local associations and groups of alumni have 
helped put us in touch with a great many with whom we had lost contact. 
Besides the “‘base”’ or history cards for all graduates, totaling 3,677, we now 
have such cards for 3,100 former students who did not complete their courses. 
As stated in our last report, these cards give the home address, class and course, 
college activities, and changes of occupation and address since leaving college. 
During the past year in addition to cards already made, we have completed 
records for 800 additional former students and 216 graduates, bringing our 
total number of base cards to 6,570. The new visible index files which were 
added to our equipment early in the year, have greatly facilitated the keeping 
of these records. It is believed that our records are more complete and up to 
date and that alumni service rendered by means of them is better than it has 
ever been before. 

During the past winter an attempt was made for the first time to get 
“alumni” records for our short course men. <A large number of inquiry carcs 
were sent out and through them, we have been placed in touch with about 
400 former students of our short courses. During the coming fall and winter, 
it is planned to make a further circularization in an attempt to extend our 
information and our contact among this group of former students. 

During the year, nine new local alumni associations have been formed, - 
those of Barry county, South Haven, Alpena, Calhoun county, Clinten 
county, Ionia county, Washtenaw county, Buffalo, New York, and Western 
Pennsylvania. Four existing associations, those of Jackson and Lenawee 
county and Saginaw and Bay City, have been reorganized and are now on a 
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much firmer basis than formerly. There is now a total of thirty-six local 
associations. A number of the larger organizations hold weekly meetings 
and nearly half of them have regular monthly meetings. There seems to be 
a greater interest to do something for M. A. C. 

Besides the regular Home Coming, Farmers’ Week, and Commencement 
meetings of alumni at the College, M. A. C. Associations in different parts of 
the country have held sixty-five meetings of graduates and former students 
during the year. This does not include the regular weekly luncheons of the 
Central Michigan or the Detroit Clubs, nor the monthly and semi-monthly 
meetings of Grand Rapids, Flint, Chicago and Saginaw M. A. C. people. 
The commencement reunions just past were attended by nearly 800 graduates 
and former students and it is thought to be the largest reunion since the semi- 
centennial in 1907. This commencement reunion and the large number 
of meetings held during the year are something of an indication of the interest 
that alumni are taking in the College. 

Because of the financial situation during the past year, nothing has been 
done by the M. A. C. Association on the Union Memorial Building campaign 
fund which was started last year. It is expected however, that it will be re- 
resumed during the coming fall and winter. The committee however, have 
determined that the building shall be worthy of the efforts of M. A. C. men and 
women, and have determined to build a building to cost $500,000. They 
have engaged the firm of Pond and Pond, architects of Chicago, to construct 

‘the building, in cooperation with the college architect. 

Following-are the resolutions of the M. A. C. Association, passed at the 

annual meeting June 15, 1921. 


RESOLUTIONS PASSED BY M. A. C. ASSOCIATION AT THE ANNUAL MEETING 
JUNE 15. 


The alumni reunion of 1921 brings its train‘of important events. The old 
College never looked better, and its future was never brighter. We feel more 
proud of being Michigan Aggies now than ever before. Yet we realize that 
the College cannot be operated on the methods of the past, just as it cannot 
with the money of the past, and that the administrative and teaching force 
must be continually changing. In this connecticn we greatly dislike to bid 
farewell to President Kedzie, who has devoted some faithful years to the dis- 
charge of the most important of all the college offices. We are sensible of the 
fact that he accepted the office of president only under strong pressure, and 
that he undertook its duties only for a few years. The Kedzie smile will be 
much missed from the corner room of the Library Building, and we only wish 
it might have been housed in more spacious quarters, while discharging the 
presidential duties. To students of the past, “Uncle Frank” will always be 
his favorite title. Seldom is it given to mortal man to have such an aggrega- 
tion of nieces and nephews. We hope that he may in some way continue to 
be associated with the College in days to come: 

We have no favorite candidate to promote for the office of president of the 
College. Yet we express our conviction that, whoever he may he, he should 
be a man of wide experience as an educator and administrator. We believe 
he should be a man of strong religious convictiors, in common with other 
college and university leaders of the day. In this we are but reflecting the ex- 
pressed beliefs of not a few members of the faculty. Many alumni remember 
with deepest pleasure and gratitude the hours spent at,the home of the presi- 
dent and other faculty members in social converse, and this suggests to us 
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that the opportunities for influencing the lives of the students by the presi- 
dent and his family through personal contact, makes it highly desirable 
that the incoming president have his home in the college community. We 
hope that the Board of Agriculture will not hesitate to pay such salary as may 
be necessary to secure the right type of leader for M. A. C. 

The action of the faculty and Board of Agriculture in inaugurating the 
science course meets with our enthusiastic approval, and we bespeak for this 
course a wide publicity and suggest the engagement of an experienced dean 
who will be able to make for this course an honored place in the list of courses. 

The number of students at M. A. C. is a topic much talked about. We are 
not of those who believe that an attendance of fifteen hundred or so is the 
most desirable number of students for this College. We believe that the 
investment in property and equipment here, and the increased investment of 
future years, requires as large an attendance as can be secured. We hope 
for a student body of 2,500 in three years, and we believe it entirely possible. 
Nor do we believe that the enrollment should stop there. 

We hold that the payment of adequate salaries is essential to an efficient 
teaching force and we earnestly hope that there will be no tendency toward a 
reduction of the salary scale adopted by the State Board in 1920. 

We extend greetings to Doctor Beal, the youthful friend of M. A. C. who 
once again is with us for commencement reunions. 

Recognizing the position of the past legislature in regard to the matter of 
taxation, we express our approval and appreciation of théir action in appro- 
priating funds for the building of an Administration Building and a Home 
Economics Building, and the funds for the extension work. 

We recommend that the president of the M. A. C. Association appoint a 
committee on legislation to represent the College in state politics which 
have reference to M. A.C. Wealso recommend that the president of the 
M. A. C. Association appoint a committee to interest themselves in the 
election and selection of future candidates for the State Board of Agricul- 
ture. 

We believe that the M. A. C. should have eventually an appropriate and 
formal entrance to the college grounds, and suggest to the State Board that 
they provide for some such suitable entrance in the plans for development 
of the campus. 

Realizing that the financial conditions of the country have been adverse 
to the progress of the Memorial Building fund, we however believe and ask 
that this project be pushed onward to its goal as soon as conditions will 
warrant. 

In recognition of the hardy interest and untiring efforts of Harris Thomas 
as the president of the M. A. C. Association, we express to him our apprecia- 
tion for his work of the past year and recommend that he be reelected to the 
office of president. 

The recent movement by the alumne in their work for the furnishing of 
a practice house on the campus is a progressive step and the alumne are to 
be commended for their constructive interest in the College. 

The death of Mrs. Collingwood has left a gap in the college community. 
Her work for the student aid fund and her loyal interest in M. A. C. will con- 
tinue to bear fruit for many years to come. She is an example to us all of 
what a person can do who loves young people and wants to be of service to 
them. 

Word has come of the very serious illness of former Professor Weil, Dean 
of Engineering preceding Dean Bissell. We suggest that the secretary be 
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instructed to send an expression of the sympathy of M. A. C. alumni to 
Mr. Weil. | 
(Signed) E. E. HOTCHIN, 712, Chairman. 
N. A. McCUNEH, ’01. 
MRS. VERA GRUNER OVIATT, ’16. 
Respectfully submitted, 
C. W. McKIBBIN, 
Alumni Recorder. 

East Lansing, Michigan, June 30, 1921. 


REPORT OF THE HEALTH SERVICE. 


To the Honorable State Board of Agriculture and Health Service Committee: 

We submit the following report of health service activities at the Michigan 
Agricultural College from October 1, 1920 to June 30, 1921. 

In general the health of the student body has been good this year, and 
with the exception of an epidemic of mumps there have been but few cases 
of contagious disease. 

All freshmen and new students received complete medical examination 
during the first month of the school year. This part of our work and also 
consultation and conferences with women students has been seriously handi- 
capped throughout the year because there is not a woman physician on the 
health service staff. 

During the year two hundred and nineteen students have been vaccinated 
and twenty-eight received typhoid prophylaxis at the Health Service. A 
large number of these were freshmen who had never before been vaccinated. 

A series of health lectures including personal hygiene, first aid, rural san- 
itation, and sex hygiene was given to all freshmen and new students, in- 
cluding the short course students. 

No deaths have occurred this year among students who were under Health 
Service care. 
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(e) Cost of health service dept. per student enrolled: 
without- salaries)... 002.5. Fo Pee ie ee 


- with salaries 


(f) Hospital expense per patient per day: 
AEGIOMEL MM UIIES: xp nuit i ek Po Sa nen. 


15 


with salaries 


£6,632 
1,000 
6,079 
552 


6,931 
13,405 
6,345 


4 554 
8,569 


We 


Or oo 


113 


93 


30 


57 
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(g) Cost per dispensary call: 
without salaries; ay \2)5. esceee bene bee ee etree $1 64 
with salaries...... Se RSs vy OIE Cus tk CON sh 378 


Respectfully sunmitted, 
CLYDE REYNOLDS, M.D. 
Director of Health Service. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF MICHIGAN WEATHER SERVICE. 


The past year has been one without any startling or unusual features from 
the administrative standpoint. The general policy of the service has con- 
tinued as in former years. 

The close of the war, however, has marked a period of increased demand 
for weather data of all kinds. 

The number of observation stations in the State has not been increased * 
and the work of the observers, as a whole, has been of a high order. All 
stations are fully equipped with standard instruments and for most of the 
stations it can be said that the observation work is continuous. 

The distribution of daily forecasts through cooperation .with various 
telephone companies continues to be somewhat abridged. As in the year 
previous, telephone wires and telephone employees are generally working 
at peak capacity, and in order to take care of regular commercial business it 
has been necessary for some telephone companies to give the distribution of 
forecasts less consideration than is desirable, either on the part of the com- 
panies themselves or on the part of the Weather Bureau. 

It is interesting to note at this time, that great progress has been made in 
the perfection of the wireless telephone. 

At this time the United States Bureau of Standardization is devoting 
much time and experimentation in producing a wireless telephone of moder- - 
ate cost, that may be within reach of the ordinary farmer. 

The Weather Bureau has for some time past been sending out daily fore- 
casts for all kinds of interests, principally for the farmers, for the marine 
shipping interests, and for aviation interests. 

The forecasts are sent out at 10:30 A. M. from the radio station at Arling- 
ton. These radiograms are in telegraph code and are being picked up in all 
parts of the United States. It is hoped that the Weather Bureau will send 
out the same forecasts by wireless telephone in the near future, and when 
that practice is instituted, anyone, and particularly the farmer, may be able 
to take down his own instrument and listen in at 10:30 A. M. and get the 
forecast for the period covered by the ‘‘tonight and tomorrow”. The arrange- 
ments for this wireless telephone of forecasts is already so far advanced that 
it will be only a question of less than a year before it is in actual practice. 
If the individual wireless telephone can be brought down to a price that is 
popular and possible for the average farmer, it will mark a distinct advance 
in the life of all rural communities, not only from the standpoint of getting 
the weather telephone messages but also much other information. 

The publication of the monthly bulletin has been continued in abridged 
form since last year and continues to be widely sought for and extensively 
consulted. 
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The weekly weather and crop bulletins have continued to be issued during 
the planting, growing, and harvesting seasons, and are distributed to a con- 
siderable mailing list, besides being ee d in daily and weekly news- 
papers. 

The administrative work of the central bitice is very heavy on account of 
a constant demand for all sorts of meteorological information. The monthly 
bulletins are doing much in a new field that our data has not heretofore touche rd 
—that is, in the development of Michigan as the summer playground of the 
country. 

C. F. SCHNEIDER, 
Director. 
Grand Rapids, Mich., June 30, 1921. 


REPORT OF THE DEPARTMENT OF BACTERIOLOGY. 


President F. 5. Kedzie, 
Dear Sir: 


There is evidence in abundance that we are far on the road to recovery 
from the war time spirit of unrest. The student work in this department 
has resumed much, if not all, of its antebellum seriousness and efficiency, and 
the staff is complete and competent. The lessons of hygiene and sanitation 
learned during the progress of the war have had an especially stimulating 
effect on the students’ interest in the subjects taught in the department. 
The tabulations given below show clearly the amount and distribution of 
the class work for the year. 


SUMMER TERM, 1920 


Summer Term, 1920. 


Students 
IBAChERIOlO Syale ae iere Nites yew meee ee Warde Gillen ses ate oe ee 2, 
Bachenolooye ore sew e ne Co hee clon Rea Wieeltabiames shore oo denna 5 cer aan: 10 
BACtEMIOLO Syosset ee ae) a cele as TEN EDS LATS os otto ait eth eat Rr 1 
IB ACLCTIO OM Vaa  heeee ep a e c ee erie se HRA VWireli abies ye: Ana eee ener ae 1 
PACLEMIOLOMYy TAI. 2 pte NOD. ey eRe. ee Ward: Giltnens. . hep tteha ats amen 1 

Fall Term, 1920 
IBACLETIOlO Gy alhmet ens Mee ahs ee Sis ee Wisindlk Gultmeneee-wrewer eRe ee ee kek 108 
Bacteriolocyvelaceryca-o yak err reese aes WiardiG@iltners see astra oon 193 
IB ACEGTIO ON Vea sek Gace. trans Roan oe ee ae NSS a ey Neat ro ea oe ie ot ber cpees Bee eh 23 
IBS ebEniOl Oy geal anette hte wR oes oes HA Wiset alo lena ene es i Aa agrees Oe 20 
IBAcheriOlonyeA Naren: ate ot age apyehan ah: Se Nii Ibe, Mle Miao ENON SS) Gans che clon cise c 5 
IBACKErIOlO yal Stee Mae eee Rn pment oie WardiGultnersee 5. Ts A Stew: Dae 
IBA CHETIOLO Giyprl Ae ee sy Al Wes AAT og ect eee Wisc Giliiinere een tui sees betas aearermnne, hard. il 
IBACTCTIOLO Dye. dere aes hi cea na nar er caeae TES Ath Glial] SUES IV iene oe «era Mi ee Real 16 
Winter Term, 1921. 

PIAELEIIOLO Pel eicroney tags Aalst sap eee Ss War GMGuiineree. vinci 5. eke es aor aoe 153 
IBACterIOlORyAA name are nats crs Ok Rea cots Fae Wana lore it Says owe Sate Cohan hee 2 73 
Bacteriol gays2* ster tees chu aera onesie en hes BU Baad Ri sKeelG ll ear eae ey arn le Cancer Pse te 10 
IBaictertolotiy: 2) 5 ck. sos ok CMY TUM: ok es Wigan teal lnmenramietce yack etait cee nsete 35 
IBSCberlOlO nye seit ecu Mack eae Bee Wi Balbiatia epg tial erator eae ied 12, 
IBACbELIOLO Ryden te tie ase sy hyie ad eas Wise lise Valli naammn ene eens cee cca 7 
BACTETIOLOR VALOR. fw at, ethicastens em ceterane ES AWaeE ail iameess oe aoe Garis sen oe os can cee 1 
Ibachemolomy LOS tay 63 hte sais tes ht a duces RVWietr ch CG ery eye eo oc hai ae dy Aan 1 
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Spring Term, 1921. 


Bacterncloty ler. wit tae ere eee ee Ward -Giltner 57 25a oe ate meee 149 
Bactenvlogy 3550 fe. a ae ee Wer Babin. cnn disc. cody tk ee 14 
PActeriology na: ee La ae neat Weeds Mabimann << ai het ene 5 
Bactenology se." sree sa eee eee Ward Giltner...... EE Ee 1 eh ae 1 
Bacteriology dAc: o..in cies Se ee ee Ward sciltuers Sse a oe See 13 
Bactenologycl jac a en eee War dwGilGhens citi 6can eae ee eee 2 
Bacteriology i772... tee kee eee ee Gli A. Rughie > 57757 sae, ee ee 6 
Bacteriology 0: (eal. tenet earner i. FesHuddlesony 2. 3> Sige eee 18 
Bacteriology 25.0.7! fae Nae eee ee ene W..G: alin: > 2 ter et ey ee 34 
BactenologyelO5ra. eee Come aan oe Rude weed luce . 2.5, Sete hoe ee 1 
Bacteriology 108); “Sates een or an es R. bb.“ Dweedn 46 is ee ee ee 1 


The influence of the new Applied Science course on the activities of the 
department cannot be estimated at this early date. There is already, as 
there has been for many years back, a considerable degree of interest mani- 
fest on the part of students who desire to take advantage of our exceptional 
facilities in an atmosphere of agricultural and technological education. 

The department is in a strong position in respect to personnel and material 
equipment to undertake intensive and extensive instructional work in the 
fields of bacteriology and hygiene. However, for a number of years past we 
have not had sufficient funds to purchase much needed equipment and sup- 
plies, the lack of which has been prejudicial to the maximum productive 
effort. 

May I urge that steps be taken to increase the appropriations for current 
expenses and equipment, so that we may be able not only to maintain the 
high standards of the past, but also to develop to a still higher plane. It is 
imperative that certain alterations be made in the building. Research 
laboratories to the rear of the lecture room should be utilized for class room 
space by enlarging the present lecture room and providing another smaller 
lecture room. We are required to seat over a hundred students in a room 
provided with only seventy-two seats. Furthermore, we have to undertake 
the accomodation of two or more classes at the same hour with only one 
classroom available. An animal room for small experimental animals 
should be and could be provided at slight expense between the main 
building and the stables. 

I take pleasure in commending all those who have assisted in the teaching. 
Professors Fabian and Mallmann leave nothing to be desired in their conduct 
of the main student laboratory and the classes in general bacteriology. The 
former has progressed well in the development of a course in industrial 
hygiene, and a course in the bacteriology of the apiary; the latter has 
developed the great interest of the engineering students in sanitary bacteri- 
ology. Professor Ruehle has proved a well qualified teacher in dairy bacteri- 
ology, both of veterinary and agricultural students, and Mr Cooledge of grad- 
uate students. Mr. Tweed has demonstrated outstanding ability as an 
instructor in general bacteriology and as an inspiring director of advanced 
students. Mr. Friedemann has assisted in the student laboratory very 
satisfactorily. Professor Huddleson has had charge of the pathogenic bac- 
teriology, serology and immunology and has acquitted himself with credit. 

It is planned to release Mr. Huddleson from teaching hereafter and place 
Professor Stafseth in charge of this phase of the work. Leave of absence was 
extended Professor Stafseth till July 1st. Dr. Snyder had charge of the 
winter term short course students in agricultural kacteriology. He isan excel- 
lent teacher as demonstrated by his success with the class. 

It is with no small measure of regret that I announce the retirement by 
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resignation of Mrs. Zae Northrup Wyant, at the close of the fiscal year. I 
shall take occasion to speak of her work in my report to the Director of the 
Experiment Station. When I took charge of the laboratory in 1912 she was 
engaged in research exclusively. Since then she has been under the necessity 
of teaching many classes under many circumstances. Without fail she has 
measured up to the responsibilities and with ability, energy and rare good 
nature she has proved what had already been demonstrated in the field of 
investigation, that in the students’ laboratory she could command the respect 
of and stimulate and inspire all. Her capacity for work and versatility *n a 
setting of rare good humor is without equal in my experience. She leaves a 
lasting impress on this institution and on the science of bacteriology. 

I wish to thank you for your broad minded, generous and _ helpful coopera- 
tion throughout the year. 

Respectfully, 
WARD GILTNER, 
Professor of Bacteriology and Hygiene. 

East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF BOTANY 


President F. S$. Kedzie, 

East Lansing, Mich. 
Dear Sir: 

I have the honor to present to you the following report for the Department 
of Botany for the year closing June 30, 1921. 

The departmental staff remained the same as for the preceding year with 
two minor changes as follows: 

W. D. Mills was appointed to fill the half-time graduate assistantship which 
it had not been possible to fill the preceding year, and Miss Bertha A. Hol- 
lister, seed analyst, was appointed instructor for part time. 

Although there was a marked increase in the number of students taking 
botany, as regards both required and elective courses, yet the number of both 
fall far short of that of previous years. 

Of the four graduate students majoring in botany, two completed this 
work and received the degree of Master of Science with theses as follows: 

Leo Joseph Klotz, A Study of the Celery Early Blight Fungus, Cercospora 

apit Fres. 

Lionel Earl Tisdale, Bacterial Soft Rot of Lettuce. 

In cooperation with the Michigan Geological and Biological Survey the 
study of the flora of the Upper Peninsula was continued, in particular that of 
Gogebic county, and of a portion of Baraga county. The results of the work 
in the summer of 1919 were published in the twenty-second report of the 
Michigan Academy of Science by Assistant Professor H. T. Darlington, under 
the title ‘‘Contributions to the Flora of Gogebic County, Michigan”’. 

In continuation of the work of over six years on what is eventually to be 
published as a ‘Flora of Michigan’’, Professor Darlington has been working 
over the large family of grasses as they occur in the State, while Miss Thomp- 
son has been working on the violets of the State. These papers have not yet 
appeared in print. 
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Through the friendly cooperation of amateur and professional botanists, 
many additions have been made to the known flora of the State, and to the 
knowledge of the distribution of plants within the State borders. 

At the meeting of the American Association for the Advancement of Science 
and affiliated societies at Chicago in December, the Department of Botany was 
represented by eight of its members, papers being presented by five. At the 
Michigan Academy of Science meeting in April, papers were presented by five 
from this department. 

Respectfully submitted, 
KE. A. BESSEY, 
Professor of Botany. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF CHEMISTRY. 


President F. 5. Kedzie, 

East Lansing, Michigan. 
Dear Sir: 

I have the honor to submit the following report on the work of the Depart- 
ment of Chemistry for the year ending June 30, 1921. 


The teaching staff for the year was as follows: 
A. J. Clark, Professor. 
R. C. Huston, Associate professor. 
H. 8. Reed, Associate professor. 
B. E. Hartsuch, Associate professor. 
D. T. Ewing, Assistant professor. 
H. L. Publow, Assistant professor. 
P. 8S. Brundage, Assistant professor. 
C. D. Ball, Instructor. ‘ 
E. F. Eldridge, Instructor. ‘ 
H. C. Lange, Instructor. 
H. D. Lightbody, Instructor. 
W. C. Lewis, Instructor. 
H. J. Walker, Instructor. 
R. L. Baxter, Instructor. 
H. M. Krebs, Instructor. 


It has been very gratifying to have such an enthusiastic and loyal group 
of men on the staff. The success of the department is,largely due to the fine 
spirit of cooperation shown by every member of the force. During the year 
Professor Ewing received the Ph.D. degree from the University of Chicago. 
A number of the other men in the department are pursuing graduate study 
at various universities, and I believe this is of great importance in keeping 
the department work on a high plane. 

The department is working under two serious handicaps. First, the fact 
that the work of the department is scattered among four different buildings. 
To keep the department a well organized unit, under these conditions, is 
difficult. Second, with all the space made available by this scattering, we 
are obliged to place as high as three different lines of work in one laboratory. 


s 


ical Science. 
past few years. 
The department has presented a required course covering the history of 
Europe during the 19th century to freshmen women and a required course in 
contemporary European history to sophomore women. 
think that as a minimum requirement, these courses are well worth while 
for all college students. 
Freshman engineers have been given a choice of courses in political science 
and 19th century history during the spring term. 
altogether satisfactory since it concentrates the work in a single term. 
believe students of this division should have opportunity sometime during the 
four years to get courses in history and political! science. 
The balance of the work in the department consists of junior and senior 
electives in the agricultural and home economics courses. 
in the face of the insistent demands of the technical and semi-technical subjects 
upon the time of the student, is a source of satisfaction to the department 
staff. The merits of this work, when properly taught in college, are, we 
believe, beyond question. In this attitude we are placing ourselves in 
accord with educational thought of the time. 
Instruction has been given with two purposes in mind. 
is an essential basis to any well-established superstructure in subjects involv- 
ing social and economic aspects, in any large degree, and quite necessary to 
Second, that the key to the understanding of 
much of current doings in the world at any time, must be found in a correct 
Guided by these two motives, we seek to avoid 


any well-rounded education. 


understanding of the past. 
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Summer Perml920. voce By ia eaten sch aig 80 
Fall Zeer ail) > eee A eRe sees Teer AL ees ree bee a 610 
Winter ee UE NO yc tala erin or eee oe a a eu vee 
Sm saan POO ee RI tN, an alan 3 a cltk nas 622 

Slpeh an eta Me RAs hy esa See ed OE ae AE ee Nene Ht 2984 


Respectfully submitted, 
ARTHUR J. CLARK, 
Professor of Chemistry. 


East Lansing, Michigan, June 30, 1921. 


SCIENCE. 


President F. 8. Kedzie, 
East Lansing, Michigan. 
Dear Sir: 
I hereby present a short report for the Department of History and Polit- 
The courses of study for the year have been those of the 
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There is great need of a new, modern, commodious, chemical laboratory build- 
ing in order that the work in this science, which is fundamental to all the 
work of this College may be efficiently carried on. 
Forty-nine courses have been offered during the year. 
students enrolled in the department during the year is as follows: 


The number of 


REPORT OF THE DEPARTMENT OF HISTORY AND POLITICAL 


We continue to 


This arrangement is not 


We 


The large elections 


One, that the work 
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confining the students’ efforts to an accumulation of facts, merely; in fact, 
we assume the possession of such, as far as possible, through earlier training, 
and devote our attention to those interpretative features which, for the most 
part, establish a different conception of history for most students. 

In the light of such considerations we view with hearty approval the ten- 
dencies in the College which point toward the greater opportunities for this 
training. The very liberal policies exhibited by the Home Economics and 
Agricultural divisions in the recent revision of courses are cases in hand, while 
the newly founded Applied Science course gives splendid recognition to the 
department by liberal terms, not alone in the acceptance of the already estab- 
lished courses but also the generous provisions for new courses. This seem- 
ingly is the tendency of training in these i 
institutions. 

A few words as to the department staff. Mrs. Mary Hendrick continues 
her very efficient services as assistant professor. Mrs. Hendrick brings to 
the department her broad mature scholarship and exceptional teaching ability, 
and thereby becomes an indispensable asset to the department. In addition 
to the handling of a heavy classroom program, Mrs. Hendrick has responded 
to a large number of calls from women’s clubs and other organizations for 
addresses upon current affairs. Had she the time at her disposal, a large 
service might be rendered in this c capacity. 

On account of the congestion of courses in the spring term, it has been neces- 
sary to supply additional help. For this purpose, Mr. Lu Willson of J ackson, 
has been employed during the spring and summer terms, during which time 
he has handled courses with credit to himself and satisfaction to the depart- 
ment. 

All of which is respectfully submitted, 

K. H. RYDER, 
Professor of History and Political Science. 


East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF ECONOMICS. 


President F. 8. Kedzie, 

East Lansing, Michigan. 
Dear Sir: 

The following is the report of the Department of Economics for the acad- 
emic year, 1920-21. 

The total number of enrollments in the department for the year equalled 
860, distributed as follows: 

By terms—Fall, 340; winter, 245; spring, 200; summer, 75. 

By classes—Seniors, 185; juniors, 205; sophomores, 201; freshmen, 251; 
specials, 25. 
755; sociology, 85. 

The total ee of ae taught during the year by members of the 
department equalled 1,305, divided as follows: 

By terms—Fall, All: winter, 372; spring, 312; summer, 210. 

By subjects—Economics, 1,065; sociology, 240. 

The department was insufficiently manned toitake care of the number of 
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classes which the increasing post-war attendance put upon it. It is desired, 
therefore, to express very cordially cur gratitude to Professor H. M. Ehot 
for his services in teaching a class each term of the year in economics. 

The growing and well-deserved interest in marketing farm products has 
received due appreciation this year by the appointment of a specialist in this 
field of study as an associate in this department. Professor J. T. Horner, of 
Oklahoma, recently from Columbia University, was the selection of the State 
Board of Agriculture for this position. Professor Horner has had a long ex- 
perience both in teaching and practicing marketing so that the department 
may consider itself fortunate in securing his services. Professor Dunford 
has given his usual loyal service to the College and to the department 
throughout the year. 

Respectfully submitted, 
WILBUR O. HEDRICK, 
Professor of Economics. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF ENGLISH AND MODERN 
LANGUAGES. 


President Frank 8. Kedzie, 

East Lansing, Michigan. 
Dear Sir: 

I have the honor to submit the following report upon the work of the De- 
partment of English and Modern Languages for the year ending June 30, 
1921. 

The table below shows in convenient form the number of students enrolled 
in the department during the year. It will be noted that Spanish was taught 
during only the winter and spring terms. Instruction in this language was 
added at the beginning of the winter term as a three-credit elective for senicr 
engineers, and for juniors and seniors in the Division of Agriculture and in 
that of Home Economics. 


TABLE.—Student enrollment in the Department of English and Modern Languages. 


{ 


| English. | Spanish. | French. Total. 
LIMO D Oa een ha in cee eon chee ed Cstn PATS. SOM ey, PeG ete ee - 6 95 
ler eel en eer etka UT ig kas tece yw ere ce Cat MOAN reeaiie ree 2 hy 849 
Vian Tee oe a a os A Ra ae I Bn oe ee 871 44 50 965 
SPU wo eileen sere hpi ne a eceses a Mebemkec a ANE e g eek 626 30 40 696 
AMOI le Relies po MES tei ea CPE Dic cB te A ae Re 2,380 74 Al 2,605 


The teaching staff for the year was as follows: 
W. W. Johnston, Professor of English and Modern Languages. 
E. 8. King, Associate Professor of Public Speaking. 
Mrs. N. L. G. Roseboom, R. B. Weaver, Assistant Professors of English. 
L. C. Hughes, O. M. Lebel, Assistant Professors of French. 
P. R. Brees, Assistant Professor of Public Speaking. 
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L. B. Mayne, L. J. Davidson, A. H. Nelson, D. C. Limbaugh, G. S. 
Greene, Instructors in English. 

F. E. Brown, Instructor in Public Speaking, (winter term). 

Of the teaching staff named above three have been members of the depart- 
ment for but one year. These are Mr. Paul R. Brees, Mr. Guy 8. Greene, and 
Mr. Denton C. Limbaugh. 

I engaged Mr. Brees after Associate Professor C. B. Mitchell resigned in 
the summer of 1920 to accept the professorship of Public Speaking in the 
Oregon Agricultural College at a salary much larger than we were paying him. 
Mr. Brees received the degree of Bachelor of Arts from the University of 
Illinois in 1918. While in the university he was a member of two debate 
teams which defeated teams from the University of lowa and the University 
of Michigan. Before coming to Michigan Agricultural College, Mr. Brees 
was head of the Department of Public Speaking in Friends University, of 
Wichita, Kansas, where his teams won the championship of the Kansas 
Intercollegiate Debate League. Mr. Brees has done high-grade work for us 
in every way. 

Mr. Greene obtained his Bachelor’s degree from Hobart College in the 
spring of 1920. I engaged him for an instructorship before his graduation, 
and immediately after receiving his degree he entered the graduate school of 
Cornell University in order that he might take, during the summer, work which 
would especially prepare him for teaching in the Michigan Agricultural Col- 
lege. He has proved himself to be a very valuable teacher. 

Mr. Limbaugh, the third new man, has his Bachelor’s degree from the 
Texas Christian University and his Master’s degree from the University of 
Chicago. 

Two members of this year’s staff have resigned. Mr. Limbaugh will return 
to the University of Chicago to continue work for the degree of Ph.D. in Eng- 
lish. Mr. L. J. Davidson, who came to M. A. C. from an instructorship in 
the State College of Pennsylvania, and who has been a member of the depart- 
ment for two years, resigns in order that he may take graduate work in 
English in the University of Michigan. He spent last summer in graduate 
work in the university, and he finds that in all probability he can obtain the 
degree of Ph.D. after one more year, as he now has the degree of Master of 
Arts from the University of Illinois and a similar degree from Harvard. It is 
with great regret that I lose Mr. Davidson. During his two years in Michigan 
Agricultural College he has won the favorable opinion of those who have come 
into contact with him. He is by nature and by training especially well 
adapted to the teaching profession, and is a young man of fine character and 
influence. 

As in other years, I wish to report to you the outcome of the various con- 
tests conducted by the English department. The winner of the George EK. 
Lawson Prize Essay Contest this year was Herman E. Segelin, a junior. 
The title of Mr. Segelin’s essay is ‘Tennyson and Evolution.” The essay is a 
thoughtful and well-written piece of work. It is the outgrowth of a special 
study of Tennyson which Mr. Segelin made in the summer of 1920 after having 
taken the course in Tennyson in the spring term of that year. This essay is 
printed in the commencement number of the M. A. C. record. The judges 
of the contest were Professor 8. F. Gingerich of the University of Michigan, 
Thomas M. Johnson, and Milton Simpson, Professor of English in Kala- 
mazoo College. 

Both first and second prizes in the Eunomian-Holead Contest were won this 
year by Miss Ruth Lechlitner. The first prize of $25, was awarded to her 
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for a poem entitled “The Factory’”’ and the second prize, of $10, for a poem 
entitled ‘““To The Wild Rose’. I sent the poem winning the second prize to 
Contemporary Verse, and it was accepted for publication. Others who won 
prizes in this contest were Mr. Fred Henshaw and Mr. H. E. Laing. The 
judges of the contest were Dr. Dorothy Scarborough, who is a member of the 
faculty of Columbia University and who is well known as a poet and author 
of short stories, Howard Brubaker who is one of the best known short story 
writers of the United States, and John Muirhead, Professor of English in 
Hobart College. 

The Lawson Contest and the Eunomian-Holcad Contest serve as valuable 
incentives to our students and have resulted in the production of some highly 
creditable essays, stories and poems. It will be recalled that a number of 
poems for the latter contest have been published in “Poets of the Future,” 
an annual anthology published by the Stratford Company of Boston. It will 
be recalled also that R. S. Clark’s winning poem, ‘‘Rime of the Plowman,”’ 
was purchased by the American Magazine. Through a bequest left by Mr. 
George KE. Lawson, the permanence of the Lawson Contest has been provided 
for. It would be an excellent thing for Michigan Agricultural College if 
friends of the institution would provide a fund which would insure the per- 
manence of Eunomian-Holead Contest. At present this contest is maintained 
only through appropriations made annually by the Eunomian Literary Society 
and the Holead management. 

This year, as has been our custom for seven years, we debated Iowa State 
College and Purdue University. For the first time in four years we lost our 
debates. The question for debate was, “Resolved, that the United States 
should adopt the cabinet-parliamentary system of government’. The 
young men representing Michigan Agricultural College were Arthur Dela- 
marter, Howard Chapel, H. K. Menhenick, Victor Whittemore, 8. P. Nelson 
and J. B. Lazell. The first three constituted our affirmative team, which 
met Iowa State College upon our home platform. The last three supported 
the negative of the question and met Purdue’s affirmative team at Lafayette. 
We lost each debate by a 2-1 decision. Although we were not victorious 
this year we have every reason to congratulate ourselves upon the work of 
our debaters. Each of our six men was making his first appearance in inter- 
collegiate debate, and each acquitted himself well. Our men’s analysis of 
the question was good and their presentation of the argument pleasing. 
Much credit is due to Professor Brees, who, as coach of the teams, prepared — 
them for the contest. In connection with out forensic activities I am greatly 
pleased to inform you that Michigan Agricultural College has been granted 
a chapter of Pi Kappa Delta, a national fraternity of high standing. 

Special mention should be made of the commencement play “Ingomar’”’ 
given by the M. A. C. Dramatic Club under the direction of Associate 
Professor E. S. King. Almost a thousand people saw the performance, 
every seat being taken. The performance was of a high order of merit and 
reflects great credit upon Professor King and the Dramatic Club. ‘The part 
of Ingomar was taken by Mr. D. V. Steere, that of Parthenia by Miss 
Mary Emily Ranney. 

On the whole, the year just closing has been one of the best the department 
has ever known. Relative smallness of freshman sections has enabled us to 
do much better teaching. We have been able to see students improving 
steadily from week to week. 

Among elective courses special mention should be made of Professor 
Weaver’s work with senior engineers. These courses, given this year for the 
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first time, proved their worth so decisively that after the first three or four 
weeks the expected doubtful attitude of students changed to one of hearty 
appreciation. As I have considerable knowledge of the difficulties which 
teachers of English have to face in meeting junior and senior engineers in 
various institutions, I feel that in making a success of the work Professor 
Weaver has conclusively proved his ability to master difficult situations. 
This is all the more notable from the fact that he did not win his success by 
giving the engineers exactly what they wanted. Though a certain part of 
the work may be classed as ‘‘practical’’, he gave them, especially during the 
spring term, literature which would tend to lead them out into broad and 
vital human relations. He treated them not wholly as engineers or as men 
seeking to qualify for the largest possible salaries, but as citizens and as men. 
That students responded to this manner of approach is highly creditable to 
them as well as to their teacher. 

In closing I wish to express my appreciation of the loyal, faithful and 
efficient work of the members of my department. I wish also to express 
genuine and hearty appreciation of the backing which your administration 
~ has given me. As I contemplate your retirement from the presidency of the 
College I do so with the grateful consciousness that in one respect in partic- 
ular you have supported me without fail; by word and act you have stood 
behind me in my endeavor to obtain the best men for my department. 
In consequence, I can say that, in spite of the extreme and growing 
scarcity of good teachers of English, the personnel of the depa:tment has 
grown stronger year by year. 

Very respectfully submitted, 
W. W. JOHNSTON, 
Professor_of English and Modern Languages. 


East Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF MATHEMATICS. 


President F. 8S. Kedzie, 
Dear Sir: 

I have the honor to submit for your consideration the following report on 
the work of the Department of Mathematics for the year ending June 
30, 1921. 

During the year the teaching staff of the department was as follows: 

L. C. Plant, Professor. 

L. C. Emmons, Associate professor. 

G. G. Speeker, S. E. Crowe, V. G. Grove, T.-O. Walton, F. E. Wood, 
assistant professors. 

C. T. Bumer, W. H. Lyons, instructors. 

Mr. T. O. Walton took up his work with us at the beginning of the fall term 
and Dr. F. E. Wood and Mr. W. H. Lyons came into residence at the beginning 
of the winter term. 

During the year Professor Emmons has not only done his usual amount of 
teaching, but also has taken care of a large amount of statistical work that 

~has been referred to him by different departments of the College. 

The staff has continued its bi-weekly lectures on advanced work in mathe- 
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matics throughout the year. Other departments of the College, as well as the 
Department of Mathematics, have availed themselves of these lectures. 

The total number of students taking mathematics during the year was 
1,595, divided among the different terms as follows: Fall, 468; winter, 548; 
‘spring, 466; summer, 113. The total number of class periods for the year 
was 413, divided among the different terms as follows: Fall, 130; winter, 121; 
spring, 107; summer, 55. 

Respectfully submitted, 

L. C. PLANTF: 
Professor of Mathematics. 


Kast Lansing, Michigan June 30, 1921. 


REPORT OF THE DEPARTMENT OF ENTOMOLOGY. 


President F. 8. Kedzie, 
Dear Sir: 

Following is a bricf rey ort of the work of the Department of Entomology 
for the year endirg Jure 30, 1921. 

During the year cf 1920 and ’21 one new instructor was taken into the 
department, Mr. L. G. Gentner, who comes here from the University of 
Wisconsin, where Le scrved as special agent for the Federal Bureau of Entom- 
ology, working on truck-garden insects. 

Mr. J. L. L. Frank has oecupied the position of half-time graduate assistant, 
being assigned fcr the year to parasitology. 

On August Ist the writer was given leave of absence until the following 
November for the purpose of collecting in Florida. During that time the 
work was in charge of Miss E. I. McDaniel, who ably carried on all the extra 
duties occasioned by the absence of the writer. 

During the year the following courses were given: 

Summer term 1920: 


Ent. I—Introductory. 
Ent. V—Classification of insects. 


Fall term, 1920. 
Ent. IJJ—Field crop insects. 
Ent. Va and b—Classification of insects. 
Ent. VIJi—Parasitology. 
Ent. [Xa—Apiculture, elective. 
Ent. Xb—Apiculture, (option). 
Ent. 100—Graduate work. 
Ent. 101—Graduate work. 


Winter term, 1921: 
Ent. XI1—Systematic entomology. 
Ent. 1V—Foresi insects. 
Ent. Xce—Apiculture (option). 
Ent. XI—Household insects. 
Ent. Va and b—Study of scale insects. 
Ent. 100—Graduate work. 
Ent. 101—Graduate work. 
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Short course poultry. 

Short course fruit insects. 

Short course apiculture for horticultural men. 

Short course general entomology for men in general agriculture 16 weeks’ 
course and 8 weeks’ course. 


Spring term, 1921: 
Ent. I—Introductory entomology. 
Ent. V—Systematic entomology. 
Ent. Xa—Apiculture (option). 
Ent. Xd—Apiculture (option). 
Ent. [Xb—Apiculture elective. 
Ent. I1—Fruit insects. 
Ent. 100—Graduate work. 
Ent. 101—Graduate work. 


The reference collection is constantly absorbing time and effort in the 
attempt to increase its usefulness. 

Many Federal Students are finding congenial work in the study of bees. 
Michigan Agricultural College enjoys a splendid reputation along this line. 

The new State Department of Agriculture which has just been organized is 
taking over the State apiary inspection and relieving this department of 
further responsibility in the matter. Mr. B. F. Kindig, for several years, 
State inspector and instructor in the College goes to them. The work in the 
College will, however, be carried on in much the same manner by Mr. R. H. 
Kelty. 

Respectfully submitted, 
RH, PRETTe 
Professor of Entomology. 

East Lansing, Michigan June 30, 1921, 


REPORT OF THE MILITARY DEPARTMENT. 


The President, Michigan Agriculture College, 
Dear Sir: 

I have the honor to make the following brief report for the Department of 
Military Science for the year closing June 30, 1921. 


I. EQUIPMENT. 


This has gained little during the year as the War Department has issued 
practically all that the law permits. According to various inspectors who 
have visited us the past eight months, we are better equipped than most of 
the other institutions. The main lack is in motor transport, two trucks, a 
passenger car, and a motor cycle, for the work in coast artillery. Two trucks 
were borrowed from the Olds and the Reo on my own and Dr. Kedzie’s 
request, for instruction during the latter part of the spring term. Pressure 
should be brought to bear through proper channels to secure from the War 
Department our authorized vehicles. 
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II. UNIFORMS. 


These were in the main, very satisfactory, both in quality, fit and quantity. 
Unfortunately the spasm of economy has resulted in the elimination of shoes 
as an article of issue, a matter of great regret. The indications from Wash- 
ington are that we will be compelled to re-issue to the students next year, 
especially the returned ones, the uniforms which they wore last year. The 
student will be obliged to have the uniform cleaned and pressed at his own 
expense in order that it may be presentable for every day wear. 


Ill. THE UNITS. 


Some friction developed in the cavalry unit during the year as two of the. 
officers proved unsuited to their work and I was compelled to ask for their 
relief from duty. Major J. J. Teter has proven quite satisfactory since 
his arrival here in 1919 and Major Garr, just arrived in April, 1921, has taken 
hold in earnest. We are now in receipt of orders for two cavalry captains to 
report in August and another captain of infantry, is promised if obtainable. 
These extra officers enable us to have smaller classes and give more personal 
attention to the instruction of the individual. No annual inspection was made 
this year and therefore no report from Washington can be rendered. Person- 
ally, I believe that the work of the year has shown a distinct gain over the year 
before. 


IV. THE ARMORY. 


Floor space is inadequate and efforts should be made to obtain a suitable 
building, either through State appropriation or donation from some wealthy 
individual. We overflow into a basement room in the Gymnasium and have 
to call on the registrar for the assignment of rooms in other buildings, in which 
we cannot take or use the technical material of the department. 


V. THE BUDGET. 


Last year the State Board inadvertently omitted from their allowances the 
salary of our armorer-janitor. This important employee who had to be con- 
tinued on the payroll and at $1,500,00 per year, caused our budget to show a 
deficiency of practically that amount on July Ist. Otherwise, we kept exactly 
within our allowances. 


VI. EXTRANEOUS ACTIVITIES. 


A. Rifle club. Membership this year ran close to 400, including men and 
women students, and faculty. The department bought and sold to the 
members, at cost, about 70,000 rounds of ammunition and expended about 
120,000 rounds government, without cost. Medals, dinner and other prizes 
were awarded to winners. A sterling silver loving cup costing $105.00 was 
placed in contest among the fraternities to be won three years for permanent 

_possession. The cup was taken this season by the Orphic Society. 

B. Girls classes. Five classes of girls aggregating 90 members were or- 
ganized by Miss Grimes in rifle firing during the winter term. Gold and silver 
medals were awarded winners. 

C. Affiliation with the National Rifle Association was renewed last year, 
but while we fired the entire series of ten contests, ne reports have ever been 
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published of the results. Next year we plan to award suitable sweaters to 
members of the N. R. ‘A. team. 

D. A theater party was held at the Bijou in the fall term with about 200 
in attendance, at which performance the sponsors attended. 

EK. Sponsors were chosen early in the fall, one for corps and one for each 
unit. The purpose is to bring the young ladies into closer touch and greater 
sympathy with the Military department and to encourage them to use the 
advantages offered therein. 

F. Dance. A corps dance was held the night of Washington’s birthday 
at the Gymnasium. About 300 couple were present. 

G. An annual field day was instituted, to be held close to the end of the 
spring term. Contests, partly military, ‘partly athletic in character, of a 
nature that would be equal for all three units, were staged. The meet was 
won by the cavalry unit and a silk guidon presented to be carried by that 
unit at all formal functions until the next meet when they must defend their 
title. 

VII. ATTENDANCE. 


Attendance opened in the fall term with about 500 but owing to the liberal 
policy of the department in granting credits to the ex-service men, attendance 
dwindled rapidly, leaving us at the end of the year with 376 enrolled, receiving 
grades. The elective work carried with it 33 students. Next year’s rolls 
show 56 new electives, making the junior and senior year students 86 strong 
who will be receiving commutation of rations. With the lessening of the 
numbers of ex-service men entering as freshmen, this department will pick 
up rapidly in size. 
Respectfully submitted, 

P. G. WRIGHTSON, 
Major, U.S. A. 


Kast Lansing, Michigan. June 30, 1921. 


REPORT OF THE DEPARTMENT OF METEOROLOGY. 


President F. 8S. Kedzie, 
East Lansing, Michigan. 


Dear President Kedzie: 

I have the honor to report as follows regarding the work of the Department 
of Meteorology: 

Twelve students enrolled for instruction in meteorology during the spring 
term, 1921. As usual the practical side of the subject was emphasized. 
Students were taught to carefully observe and correlate atmospheric condi- 
tions, each student making a complete record of weather conditions for one 
month from his own observations of temperature, pressure, wind velocity 
and direction, humidity, rainfall, clouds, etc. Instruction was given in fore- 
casting from local conditions also with the aid of weather maps. 

Unfortunately many students who would like to take the course in meteor- 
ology are prevented from doing so by conflicts with other subjects scheduled 
for the same hours one or more days in the week. Several came to me to see 
if some other hours could not be given to meteorology. Three to four or five 
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p. m. seems to be a time when more students are engaged in laboratory work 
or class recitations in required subjects than at other hours. From a study 
of the schedule it is thought that the hours from 10 to 11 a. m. or 12 noon 
might result in fewer conflicts if the course in Meteorology was changed to 
that time. 
Very respectfully, 
D. A. SEELEY, 
Instructor in Meteorology. 
East Lansing, Michigan, June 30, 1921. 
17 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, JULY, 1920. 


Temperature. : This month since 1863. 
Precipita- Character of ee ee 
Date. tion in "dae aah > 
; inches. se Bosse Mean Total 
: sunshine. : u 
Highest. | Lowest. Mean. i Year. tempera- | precipta- 
ture. tion. 

1 ae 80 54 67 Dy | Cloudy sce 54 LS Gib |} severe eect jad ee 

2 ton 87 63 75 0.05 | Partly cloudy... 78 1864 74.5 il 455 

Se Oe 83 56 70 0 Glears corso sia: 95 1865 65.6 3.91 

ES, Ns s5) a 50 62 > 0 | Partly cloudy... 100 1300 (filer 4.19 

ier se ot 7 46 62 te, Glondyes. oo). 64 186 71.6 78 

(sc eee ae ve 63 68 Qe24e | Cloudyacsacesta: 2 1868 UE? 1 

7 ae 68 57 62 Te i@loudyzse 5... : 0 1869 70.4 5.77 

1h An Aire 75 55 65 0.60 | Cloudy........ 11 1870 74.4 8.02 

QU Rracs 78 58 68 0.03 | Partly cloudy. . 77 1871 70.6 3.10 

Se ee 83 54 68 OM Clears 2332-5. 97 1872 74.9 3.36 

il ae 80 57 68 On |n@loudyaeets es: 28 1873 70.8 isa) 

7 aes 84 57 70 0 | Partly cloudy 68 1874 72.0 2.56 

See ae 88 66 77 OLzaal@loudvsee seu... 52 1875 69.7 2.42 

ee 77 56 66 0.16 | Partly cloudy... 47 1876 Mone 2.10 

ab deticcte 79 52 66 0 Clear ee fee 100 1877 71.4 225 

LSE ere 73 46 60 0 | Partly cloudy. . 87 1878 73.0 2.96 

a 79 48 64 0 | Partly cloudy. . 59 1879 74.0 2.19 

1 ee ee 78 58 68 1:40; |(Cloudyse ee. 28 1880 68.0 6.27 

Oe eae 78 54 66 0 Clear. . ; 100 1881 (Ai 1.81 

A es 79 52 66 0 Cloudy... 72 1882 67.5 yesy? 

Qe steve 2 85 63 74 LW CON Te oie = ae 40 ee 68.9 V2 

Oe earn 81 58 70 0 (Clears aee ii s... 93 8 68.0 2.60 

2 ee 94 63 78 T. | Partly cloudy... 49 1885 ae 2.52 

ee een abe 75 ois 66 WOON see 36 1886 70.7 0.65 

2s, Ae 72 47 60 0 | Partly cloudy... ol 1887 75.5 1.50 

Wie eepete 74 46 60 0 | Partly cloudy... 82 1888 70.5 2.40 

74 Le ee 80 49 64 0 Clearee ao as 98 1889 70.2 3.41 
DA eee 84 59 72 OpOtWClondyi..sa68- 53 1890 (leat 0.92 - 

PEP Aika s 83 60 72 OnO7UGloudyee. . 6 64 1891 65.3 1.88 

Sha eae 82 60 val 0.14 Cloudy... 50 1892 70.3 2.00 

Sikes See 76 51 64 0.08. | Cloudy..:...... 30 1893 71.5 1.86 

1894 (Gier 0.86 

1895 70.5 1.47 

1896 71.8 6.73 

1897 73.8 | & 8.49 

MPA PNER uel DELatune reas Ie eee eer oe eM Ee ect 79.3 1898 70.0 1.34 

EAMG West Pel DeCalUneees fame = teen cies nr elie oe San Bainie eee ele eee 55.3 1899 69.8 211 

Mean ceMnperapure LOnunOn bur ecb chia aie ee wine so one sce Bas re one eikecloe 67.3 1900 69.6 4.15 

OLA preclpitAadonior Monthy. 1a. aes et nace lacie salen Gee cam hese 3.01 1901 74.2 5.08 

1902 70.6 7.18 

1903 67.9 3.79 

1904 69.2 1.97 

WEATHER. 1905 69.8 belo 

1906 70.8 2.23 

1907 70.0 4.30 

Nice bendy pe leans. sere tre tere eel teint worn ue seeing, La eee 6 1908 one 1.03 

partly LOU ey ascent teyeher ee eek riper ey nae her tem ots acto Meni c cere 10 nate iu iv Ze 

(OGM ey cathe eee hh Oe eRe ee ee OMe aa eee ay 15 19 Y Be 

Wit O:Olfornmlore of precipitation ee son). nels hemer eee acon manele okee 11 1911 (ili) 1.65 

1912 69.6 5.06 

1913 70.8 2.85 

1914 71.0 1.65 

SUNSHINE. 1915 67.9 5.17 

1916 76.1 0.09 

1917 70.0 3.06 

Sinailosie PSHE BAe 55 oe ace, Mela a cs Gn Oe OAR OOO Maat TO Ree 285 .6 1918 69.2 1.96 

HLONAT OE THOULR SUMS Ne wars wee eae aes eee eer io Soe. ee ere a acla ves aie ena 464.9 1919 72.4 1.69 

EXCENULA EO DOSEI Des sae aes Ree ee oe ek bees, tee 61 1920 67.3 3.01 


BaRroMETER—Mean, 29.98 inches; highest, 30.23 inches, on 26th; lowest, 29.56 inches, on 23rd. 

TremPERATURE—Highest, 94°, on 23rd; lowest, 46°, on 5th; greatest daily range, 31°, on Sth; least daily range, 11°, on 6th; 
normal for month, 70.9°; excess or deficiency this month,— 3.6°; accumulated excess or deficiency since January Ist, —585° 
average daily, same period, —2.8°; highest in 35 years, 102°, lowest, 37°. 

PRECIPITATION (in inches)—Total amount, 3.01; normal, 3.22; excess or deficiency this month, —0.21; since January Ist, —1.61. 
greatest amount in any 24 hour period, 1.40, on 18th; total snowfall, 0.0 in. : 

Winp—Prevailing direction, southwest; total movement, 3,364 miles; average hourly velocity, 4.5 miles; maximum velocity 19, 
from the southwest, on 29th. 

Dates or—Auroras, 0; hail, 0; thunderstorms, 2, 8, 13, 18, 21, 23, 29, 30; halos: solar, 10; lunar, 0; frost: killing, 0; heavy, 0; 


light, 0. 
DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, AUGUST, 1920. 


Temperature. This month since 1863. 
ae Percent- 
Date Presta Character of age of 
inches. day. pele Mean Total 
Highest. | Lowest. Mean. sunshine. | Year. | tempera- | precipita- 
ture. tion. 
eas yee 66 46 56 OF) Gloudyzes.oee 41 ABGS Th eieracre as 3.00 
Pts Se ae 71 43 57 0 | Partly cloudy... 85 1864 70.7 0.39 
DictkNe ks 78 46 62 0 Clear seh ee 99 1865 65.8 3.38 
2 tel eae 81 51 66 0 | Partly cloudy... 76 1866 62.6 3.44 
eet aa Ta 86 61 74 T. | Partly cloudy... 29 1867 69.8 1.74 
Rhee eye rors 90 62 76 0.62 | Partly cloudy... 62 1868 70.3 2.42 
They toe 85 63 74 0 | Partly cloudy... 58 1869 70.6 4.85 
Vee ome aele 83 65 74 0 Partly cloudy... 80 1870 70.1 4.53 
ae 81 63 72 0.24 | Cloudy.2....... 13 1871 (il? 1.42 
LOL Peer 84 62 73 T. | Partly cloudy... 79 1872 ed 4.18 
1 ee 5 ee 86 59 72 0 Oleara etree ye) 100 1873 69.5 0.80 
Uh eee 89 62 76 0 Partly cloudy. . 7) 1874 69.4 1.28 
ROR Eisen 80 66 73 0.48 HOUGY, sch - se sh 11 1875 65.5 1.47 
TA eae 78 63 70 OM Cloudy a. 19 1876 71.6 1.28 
Se itor 83 61 72 0 | Partly cloudy... 66 1877 68.5 6.57 
ira aes 72 63 68 OL Sa Cloudy ese. 0 1878 70.2 1.85 
Uf Rees 85 57 71 OF \iGleare = 3.58 98 1879 70.0 1 61 
ike Se ae 86 54 70 0 | Clear 95 1880 68.6 6.02 
TOE St Ne 85 56 70 OF Cleanees scons 96 1881 UPAatf 1.63 
Ui eee ae 86 67 76 0 | Partly cloudy... 36 1882 69.5 Baie 
HA se & sean 76 54 65 0:33" | Cloudy4) 2.5. 0 1883 64.9 0.18 
Doe eryctes 66 44 55 0 | Partly cloudy... 57 1884 66.9 1.30 
Pain GS SS 74 43 58 0 | Partly cloudy... 76 1885 63.6 6.75 
De ee 76 46 61 0! |R@leax aes 100 1886 69.3 4.69 
DOP ooh 78 45 62 One Glear eas tes 100 1887 68.0 0.89 
QO Seren = 79 49 64 T. | Partly cloudy... 68 1888 67.6 1.87 
Plat aM aie 77 56 66 Try) (Cloudy see oaen- 10 1889 68.6 0.68 
Tae GES 80 58 69 0 | Partly cloudy... 41 1890 65.4 3.60 
Does oy. 76 60 68 0:.18|\ (Cloudy. = as... 20 1891 67.9 4 82 
SOE Seance 83 57 70 OF ‘Ih. Clears: Sens air 100 1892 68.3 5.12 
Slee os 75 55 65 0 | Partly cloudy.. 36 1893 68.1 0.56 
1894 68.8 0.00 
1895 (ile? 4 64 
1896 70.0 4.73 
1897 65.9 1.69 
Mecanthiehest tem perabiire. mstyc. fc sos tek occ en etch OMe, nee 79.8 1898 69.0 2.73 
Mean lowest temperatures saec nc ahdat encore ate eee Se Av ee Se 56.0 1899 71.4 0.70 
Mean temperature for month: 40. taceece ccs eee ars oe eee 67.9 -1900 73.3 2.98 
otslprecipicablon tommontn-es..-) Meee ees, Ae tyes ae eee ae eee ee 2.00 1901 68.4 2.49 
1902 64.2 0.68 
1903 64.3 6.73 
1904 65.9 3.26 
WEATHER. 1905 69.6 3.92 
1906 73.5 4.35 
1907 65.5 2.87 
Nimber daya clear s.2 st evs irinotecan c ee eticce ee 8 1908 68.4 3.99 
(OLY Aan hes ge BIR eS Aol) Se rt sv UE Ieee ch ow 9 oem Ne 8 1909 71.0 1.61 
Par bl yaclOUdy. dete < cts poten, ce oe cite REE reas een eae Lene 15 1910 68.2 1.76 
Wath 0/01 orimore Of precimitatlone: ea ceases ain cos a tre oe 6 1911 68.2 1.48 
1912 65.7 2.19 
1913 69.4 5.60 
1914 68.9 3.33 
SUNSHINE. 1915 63.4 4.63 
1916 71.0 1.58 
1917 67.0 1.47 
Niimbershouraysunshine =; tse. ch hae Seem cheeks decide cian tee Bee eam 253.6 1918 OR? 1.44 
Rona blewhours sunshine ce. ooh ace ee nn ae ok Ee Oe ROE ae ee 430.7 1919 67.3 4.03 
PET Cen tace Of pOssIDle sis ove tek cat daisies ae ertiees ate ore ee are ee 59 1920 67.9 2.00 


BaroMETER—Mean, 30.05 inches; highest, 30.32 inches, on 18th; lowest, 29.76 inches, on 29th. i 

TrMPERATURE—Highest, 90°, on 6th; lowest, 43°, on 2nd; greatest daily range, 33°, on 25th; least daily range, 9°, on 16th; 
normal for month, 68.4°; excess or deficiency this month, —0.5°; accumulated excess or deficiency since January Ist, —599°; 
average, daily, same period, —2.5°; highest in 35 years, 102°; lowest, 32°. ; 

PRECIPITATION (in inches) —Total amount, 2.00; normal, 2.63; excess or deficiency this month, —0.63; since January Ist, —2.23 
greatest amount in any 24 hour period, 0.62, on 6th; total snowfall, 0.0 in. , ‘ ; 

Winv—Preyailing direction, north; total movement, 2,525 miles; average hourly velocity, 3.4 miles; maximum velocity, 16, 
from the northwest, on 13th. : es 

Dares or—Auroras, 0; dense fog, 12, 15, 28, 29; thunderstorms, 6, 9, 10, 13, 20; halos: solar, 0; lunar, 0; frost: killing, 0; heavy, 


0; light, 1. 
DEWEY A. SEELEY, 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, SEPTEMBER, 1920. 


Temperature. This month since 1863. 
pa Percent- 
D Precipita- | Character of age of > 
ate. tion In day possible 
inches. 5 aahine 3 Mean Total - 
Highest. | Lowest. Mean. SHEE : Year. tempera- | precipita- 
ture. tion. 
iL ieee 74 46 60 0 Cleartsceccse. 98 TSG aoa 0.89 
ee ctclsmics 72 42 57 0 @lesrées7.- 27. 100 1864 59.6 3.53 
Reais: | 73 39 56 0 | Partly cloudy... 80 1865 67.7 4.79 
2 ere 75 43 59 0 Partly cloudy. . 63 1866 55.8 5.80 
ie oath 67 53 60 0.02 0 1867 56.6 1.42 
Gy we 74 52 63 0 32 1868 58.8 2.95 
pate see 78 50 64 0 100 1869 63.5 1.43 
(eee 80 47 64 0 98 1870 63.7 2.85 
ee Anca 75 60 68 0.05 (3) 1871 59.1 0.79 
LOY, Sct. 76 59 68 0 12 1872 62.0 One 
Te SP os 80 59 70 T, 39 1873 67.4 3.50 
LA een 80 56 68 0 96 1874 62.8 1227, 
bighrcc es 3 80 49 64 0 100 1875 58.5 2.89 
ea ce aneeee 84 50 67 0 100 1876 56.3 3.65 
Dee Be .55 2 86 60 73 0.58 44 1877 61.3 1.38 
Ge cae: 74 47 60 0 100 1878 63.2 3.41 
1l7/ eae ee 74 43 58 0 93 1879 56.2 3.19 
Oe aReeore 83 55 69 0 | Partly cloudy... 86 1880 55.8 3.10 
iM ee See 67 47 57 0 | Partly cloudy... 53 1881 69.7 2.91 
Ue eae 70 49 60 0.07 || Cloudy......... 2 1882 59.9 0.67 
erative het « 86 50 66 0 | Partly cloudy... 70 1883 56.4 2.34 
7 ED 88 59 74 0 | Partly cloudy... 100 1884 65.1 3.34 
WB eclejaeis. 85 60 72 0 ear ates 100 1885 58.9 Byete) 
De 87 63 75 0:02") Clear: e525 2. 82 1886 62.1 5.40 
Ai ee 91 61 76 0 Clear! 35330. 98 1887 58.9 4.72 
DB ras aysra « 86 65 76 0.13 | Partly cloudy.. 53 1888 57.8 1.89 
OF SAA 72 52 62 0.39 | Cloudy........ 17 1889 61.2 0.79 
a te ee 75 49 62 0 Glear soe. > oh 92 1890 piel 1.67 
OEE. ces 58 44 51 T. | Partly cloudy. . 14 1891 65.1 1.10 
= Sea 53 37 45 Te Wloudy2*, >. 0 1892 60.8 pai bre 
Sos Si ibeetens Spans Beers) eectc cc ae (ab er Reese (Gece po (Oe aS RS RC ana Vs aa 1893 58.4 1.84 
1894 63.7 2.59 
1895 66.6 0.85 
1896 57.6 6.73 
: 1897 62.9 0.80 
Rear hiehestitamperature tyne. acuoc Ge eee oes vic cag Asitleratae windtosed aoe Sa ue ete 76.8 1898 63.3 3.00 
Mean lowest temperature........................ a feiss 51.5 1899 57.0 2.14 
Mean temperature for month..................... : 2 ee 64 2 1900 63.2 0.89 
Total precipitation for month................ es 5 1.26 1901 61.7 1.67 
1902 58.7 5.88 
1903 61.0 2.86 
f 1904 62.0 2.35 
i WEATHER. 1905 63.8 eel} 
1906 67.5 0.76 
1907 61.8 4.68 
Nini per davalclear 7. f2 eee ert ee ee ace hate tk at aero : 13 1908 66.4 0.65 
Bartivecloudyen. + se Poth one Re cae hak Ltn ee 8 1909 60.4 Io 
Cloudy ee a ae 3? Sra p.geeodst ud ohodor een 9 1910 60.2 2.74 
With 0.01 or more of precipitation... . 7 1911 61.5 5.05 
1912 6204 3.08 
1913 61.0 1.53 
1914 60.3 2.65 
SUNSHINE. 1915 63.2 6.55 
1916 60.4 2.17 
1917 58.6" 4.60 
Number hours sunshine......................... Se Ne 2 Sy: Uae le 241.6 1918 54.2 2.88 
Possible hours'sunshine...:........-......-..-..-- ae 374.8 1919 63.8 2.61 
Percentage of;possible. .. = sc... ee te we ees oe ee. Renee ae heat 64 1920 64.2 1.26 


BaromETeR—Mean, 30.02 inches; highest, 30.34 inches, on 3rd; lowest, 29.68 inches, on 12th. 
TEMPERATURE—Highest, 91°, on 25th; lowest, 37°, on 30th; greatest daily range, 36°, on 21st; least daily range, 14°, on 5th; 
normal for month, 61.6°; excess or deficiency this month, +2.6°; accumulated excess or deficiency since January Ist, —523°; 
average daily, same period,—1.9°; highest in 35 years, 99°, lowest, 21°. 

PrecIPITATION (in inches)—Total amount, 1.26; normal, 2.62; excess or deficiency this month, —1.36; since January Ist, —3.59; 
greatest amount in any 24 hour period, 0.58, on 15th; total snowfall, 0.0 in. 

Winp—Prevailing direction, south; total movement, 3,288 miles; average hourly velocity, 4.6 miles; maximum velocity, 22, 
from the southwest, on 28th. 
Dares or—Auroras, 7; dense fog, 0; thunderstorms, 9, 11, 15, 26, 27; halos: solar, 27; lunar, 22; frost: killing, 0; heavy, 30; 


light, 3. 
7] DEWEY A. SEELEY, 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, OCTOBER, 1920. 
Temperature. This month since 1863. 
ee Percent- 
Precipita- 
Date. tion in Chere of a 
inches. ait etic Mean Total 
Highest. | Lowest. Mean. Sete: Year. tempera- | precipta- 
ture. tion. 

USE ae re ee 56 37 46 0 Cloudy. 25 1S6Ss Ease cer 1.04 
OP ee 64 37 50 0 Clears eens. o. 82 1864 45.7 1.86 
Stee 73 50 62 0.02 | Partly cloudy 65 1865 46.5 2.76 
ae Se VL 47 60 0 Clear ¢ 2-5”, 100 1866 49 5 3.57 
Bates ae. 63 38 50 0 | Partly cloudy 93 1867 50.6 2.11 
Boece sass 68 35 52 0 lear. tn 100 1868 45.2 i Ue it 
ee tees or 71 36 54 0 Clear tp ok aa 100 1869 40.8 ere 
Scares ot 73 43 58 0 Clear + sae. e. 98 1870 ano 2329) 
ae corals 79 47 63 0 Clear ig 5- 100 1871 53.9 1.43 
NOP ey cite ts 77 42 60 0.01 | Cloudy..:...... 73 1872 47 4 0.67 
1h) Wa ees oe 78 51 64 0 Partly cloudy... 62 1873 44.7 1.91 
1 Pee 9 81 49 65 0 (Clears ae a 82 1874 49.1 0.49 
Vo wa Seon 81 57 69 0 | Partly cloudy... 88 1875 42.9 5.81 
Le eRe nee 81 56 68 0 | Partly cloudy... 88 1876 43.7 1.26 
iS eer eae 82 57 70 0.01 | Partly cloudy... 86 1877 50.8 5.69 
MG Se a8 66 54 60 0:01 | Cloudy. .:.7.... 19 1878 48.3 1.99 
7a same 68 50 59 0 @londys sso: 52 1879 57.3 1.57 
ee ae le 50 62 Om | PCloudya ts. 50 1880 46.2 2.84 
1 ea 82 56 69 0 | Partly cloudy. . 81 1881 52.5 5.56 
20 See ee cre 82 58 70 0.01 | Partly cloudy... 78 1882 a2 2.64 
72 |e ease 82 57 70 0 (NUR a 99 1883 46.2 3.66 
Oe 82 54 68 0 Cleartt) Ge & 100 1884 50.9 5.73 
Za astesaes 81 53 67 0 Partly cloudy... 77 1885 45.0 3.08 
a eae 64 50 57 O08: Cloudy... 2 9 1886 52.4 0.95 
an ee 58 45 52 0-11 | Cloudy. 2.5. ©: 18 1887 45.0 1.86 
Pee ee 61 45 53 OvS9riClondys-teea. 0 1888 45.7 3.00 
erates opie 57 41 49 0.47 || Cloudy25. 2222. 0 1889 44.2 0.65 
DS) yh Ie pcs 47 32 40 0 Cloudyan neo. 21 1890 49.1 4.56 
DOr saa cd 42 28 35 Le || Cloudy. cece. 4 1891 48.8 0.82 
BO) teracsen 54 28 41 0 Gleart [ns ce 100 1892 48 3 0.78 
oy NS, See 61 42 52 0.06 | Cloudy......... 2 1893 49.7 3.61 
1894 49 8 1.91 
1895 45.0 1.41 
1896 44.6 1.06 
1897 53.1 2.15 
Meanthighestitem perature etc. cake aura soa smote bene cece eee aoe 69.6 1898 49 6 3.55 
IMeanilowest: Gempera Lure sae ce cect etter eee ee ee et Sen aie 46.0 1899 53.2 2.68 
MeanitemperaturefOrimonti. octets cen een here ee ee 57.8 1900 56.6 Daa 
FRotaliprecipitaion tor MONA ss. eeasee ae he eon ek eee ee ee eee 183% 1901 49 6 4.61 
1902 49.6 1.53 
1903 51.0 2.01 
1904 48.6 1.90 
WEATHER. 1905 50.9 1.75 
* 1906 49.2 2.36 
1907 46.0 2.22 
Number dayst¢leatic-e. cots trols acter Oe een aoe eo ee EE 10 1908 51.6 0.82 
Part lygCloud Vicente see ee eae eee ee rc eee eee 9 1909 46.2 0.71 
OTST AAs * AB Se ok Ati ee gegen ie Sei = LOM” 2S ie 6p A aa ARIE trae le Sai 12 1910 51.8 22a 
Withi0:Otror morelof-precipitationia +. sos eee e eeeeon de reenioe 10 1911 48.0 5.00 
1912 50.4 3.44 
1913 50.2 3.30 
1914 54.6 2.81 
SUNSHINE. 1915 51.1 0.70 
1916 49.7 2,53 
1917 41.2 3.44 
Number hourssinshine sy eee nc eee tence ocr oe eee Seen 217.9 1918 52.6 3.21 
Rossible hours sunshine nore, c nae See eons lee ee ee 341.9 1919 53.3 2.90 
Rercentame Oc Poss Dies. faaee s cnccap Clee Me ae reek | hoes Sei ee eae 64 1920 57.8 1.37 


BarRoMETER—Mean, 30.09 inches; highest, 30.49 inches, on 6th; lowest, 29.40 inches, on 27th. 

TEMPERATURE—Highest, 82°, on 22rd; lowest, 28°, on 30th; greatest daily range, 35°, on 7th; least daily range, 12°, on 6th; 
normal for month, 49.0°; excess or deficiency this month, +-8.8°; accumulated excess or deficiency since January Ist, 248°; 
average daily, same period, —0.8°; highest in 35 years, 90°; lowest, 10°. 

PRecIPITATION (in inches)—Total amount, 1.37; normal, 2.23; excess or deficiency.this month, —0.86; since January 1st, —4.45; 
greatest amount in any 24 hour period, 0.63, on 25th and 26th; total snowfall, T. 

Winp—Preyailing direction, southwest; total movement, 3,553 miles; average hourly velocity, 4.8 miles; maximum velocity 19, 
from the south, on 15th. A 

Dates or—Auroras, 0; dense fog, 12, 17; thunderstorms, 10, 24, 27; halos: solar, 17, 18, 23; lunar, 0; frost: killing, 29; heavy, 6, 


7; light, 2. 
DEWEY A. SEELEY, ., 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, NOVEMBER, 1920. 


Temperature. This month since 1863. 
Peenipitas Percent- 
Date 5 pe og Character of age of 
inches. day. pose Mean Total 
Highest. Lowest. Mean. AIRINGS Year. tempera- | precipita- 
ture. tion. 
NBR vyercs.2 54 43 48 0.35 | Cloudy......... 0 WSGSRl eae ee 0.40 
Yc Re 54 32 43 0:21) Cloudy2:.......- 0 1864 37.9 4.12 
fers sye:3s 48 33 40 0.01 | Cloudy.....-... 29 1865 38.6 0.68 
eee ee 57 33 45 0 | Partly cloudy... 76 1866 37.9 2.60 
Mareivatirera's 54 33 44 0 @leane- 43 .J.,2° 93 1867 40.4 Ieee 
Gece els ye 49 31 40 A eG loudyeres waa 8 1868 36.8 2.44 
fees 48 37 42 O02 | ECloudyer. es ccs 0 1869 32.1 1.93 
Rivet 54 31 42 0.10 | Partly cloudy Ri) 1870 38.4 0.91 
Us Gaeeee 54 32 43 0.09 loudyacteneies 24 1871 32.0 125 
LOB oes. 36 22 29 a @londyeene. se. 17 1872 29.8 0.98 
1 ee ee on 18 25 Tl@londyaeee.- se. 13 1873 28.5 2.03 
LOE Rak oO 30 16 23 T. | Partly cloudy 67 1874 35.0 1 61 
1 Fees 27 22 24 TT. | Cloudy;.:. 3... : 0 1875 33.0 ileal 
1 Sena 31 22 26 0:01 | Cloudy......... : 1 1876 36.3 0 91 
eer rags oars 36 16 26 O01} Cloudy.....::. 19 1877 Soe 3.67 
Ce A eee 29 14 22 Ool4 | ECloudys. . as. 0 1878 36.3 2.16 
Ades lear islets 40 s 27 34 O20 | Gloudyaa--..- 20 1879 38.2 4.55 
UR ae ieee 41 28 34 T. | Partly cloudy... 31 1880 27.5 2.32 
OE sare... 49 29 39 0 Gloudyee =. 0 1881 38 .2 4.09 
1D SEO 54 35 44 0 | Partly cloudy .. 49 1882 36.3 1.83 
Pines hater: 51 42 46 0:19:)| Cloudy. =... 0 1883 38.1 3.98 
DD eecsta wide 47 37 42 Ov7uiiGloudyassr. ><. 0 1884 34.1 1 84 
Ons Seabee 40 37 38 OvO3F R@loudy... 0 1885 37.2 2.90 
LY 39 37 38 Onan t@loudvanne ee 0 1886 33.9 1 48 
OO ORCS 89 33 36 0.02 | Cloudy....... 0 1887 oD 2.28 
Ose ch os 33 30 32 0.06 | Cloudy....... 0 1888 38.5 3.12 
Disa rste sks 2 38 27 32 Teal loudyas-< sss 0 1889 37.4 2.67 
Be ratere cs 44 28 36 0 Partly cloudy . . 67 1890 39.1 2.30 
Oates 49 32 40 T. | Partly cloudy... 63 1891 34.0 3.34 
BOs o 46 37 42 OL0 7a eCloudysesy.- = 1 1892 34.2 1.84 
aM een rectal ete eed cn des | teretelos = afar ais|| oS =,zietal ahs | lc; s,evairo ui evs all eewtadertrabore atorarae cverall elaeereyeicie sate 1893 35.6 2.19 
1894 32.5 0.97 
1895 35.4 3.87 
1896 3ov.1 1.05 
1897 36.5 2.94 
Meaty heststemperatWre sss yo sate. atscpss oso cleo sles aac arefoais 6 care kena 43 4 1898 33.1 Ded 
Meanslowestitemperauresesne tise ste taconite s ao etece wh assale 29.8 1899 39.7 12 
Meanitempersthure LOnimonines ssc eset set cern y-lerotiaee ie ween eae 36.6 1900 35.3 5.10 
otal precipreatlOniOr manus), «ois aed card Monee tee sn ooh bees 2.29 1901 32.8 TO 
1902 43.0 2.46 
1903 34.0 1.45 
1904 40.0 0.04 
WEATHER. 1905 35.8 2.25 
1906 37.0 2.66 
1907 36.0 1.83 
Number Gavisitlear: ace-penees Can See wee oe aisles sta cee aren a ee ee 22 1908 38.2 1.82 
MBE artly Cloudy rms sone tee teh Tan ya tna oe are OS Ae aa 7 1909 44.5 3.74 
(CUETO G3 18 fof SHOR ee ac en RRS Br See ne Re eet Se ra ne em 1 1910 34.0 1.37 
WitiDtO: Olsorsmoreormrecipitavionumer ine sere neti iaee circles ce ne eee ae Leh 1911 33.8 3.40 
1912 38.6 2.86 
1913 41.7 ahs} 
: 1914 37.6 1.40 
SUNSHINE. 1915 39.8 223 
1916 38.8 1.68 
1917 35.8 0.82 
Nein berghours:sunshinebarery. «sate ee sets o-oo Yaise eee oe wheal ees ers 62.4 1918 40.4 Bp PP 
Ross Dlewourg|Sunshines sae mete Nato Melted motes rete cov sicaresle creates kane 292.1 1919 Cont 2.44 
PER CEN tae TOLDOSSE Deter Mem eN mrss nicists cscpatet Ds wicyebeccrssbee oy dyed ati svoyoie Sistah crm desie ays 21 1920 36.6 2.29 


BaroMeTER—Mean, 30.10 inches; highest, 30.55 inches, on 6th; lowest, 29.55 inches, on 2nd. 

TEMPERATURE—Highest, 57°, on 4th; lowest, 14°, on 16th; greatest daily range, 24°, on 4th; least daily range, 2°, on 24th; 
normal for month, 36.8°; excess or deficiency this month, —0.2°; accumulated excess or deficiency since January Ist,—257°; average 
daily, same period, —0.8°; highest in 35 years, 72°; lowest, 0°: ; 

PRECIPITATION (in inches)—Total amount, 2.29; normal, 2.41; excess or deficiency this month, —0.12; since January Ist, —4.57; 
greatest amount in any 24 hour period, 0.79, on 22nd; total snowfall, 4.0. i 

Winp—Prevailing direction, southwest; total movement, 4,093 miles; average hourly velocity, 5.7 miles; maximum velocity, 
25, from the southwest, on 9th. > 

Datus or—Auroras, 0; dense fog, 0; slect, 25; thunderstorms, 0; haloes, solar: 0; lunar, 17, 19, 20; frost: killing, —; heavy, —; 


light, —. 
DEWLY A. SEELEY, | 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, DECEMBER, 1920. 


Temperature. This month since 1863. 
Precipita- Character of ayy 
Date. tion in A i B ibl 
inches. ay. aeastt © Mean Total 
Highest. | Lowest. Mean. SUES Year. tempera- | precipita- 
ture. tion. 

eset tees 42 33 38 070) NCloudyiie.es. 0 (C1830 ape odooue iherAl 
pips ss Bee 44 36 40 len | MGloudyaeose ee 23 1864 24.4 3.20 
BA ia Oates 55 3 46 OS |RGloudyaet so. 40 1865 26.7 1.43 
ae 51 35 43 (ORSIC |! Cloudye wesc 0 1866 25.5 1.90 
Lie sea eee 42 31 36 003°) "Cloudy.=.-.>...- 0 1867 25.3 1.34 
RAMA 44 31 38 0 | Partly cloudy... 49 1868 21.2 1.35 
i (ee fae ete 3 26 32 0 Partly cloudy... 46 1869 28.2 2.11 
ea kaewase 38 25 32 0 | Partly cloudy. . 75 1870 24.8 2.57 
Le ee Pa 40 28 34 0.06 OUdYAe. ce sews 7 1871 21.1 1.76 
GS-2. Sew 35 32 34 OnlGu|e@loudya teen: oe 0 1872 itseeh 1.06 
11 US eat 38 32 35 OUOds @loudy.s-- 2a. - 0 1873 29.5 3.02 
EAA SUR eee 53 85 44 0 | Partly cloudy .. 46 1874 27.0 0.37 
LS Pt: 56 48 52 2a bGloudyy eyes 0 1875 31.6 2.80 
1: Ne Se 53 28 40 0.34 | Cloudy........ 2 1876 15.2 1.29 
15 30 25 28 0.08 } Cloudy......... 0 1877 36.6 1.03 
Lppeeee ce 29 24 26 eaimeloudyaeste. ce 0 1878 21.3 PIER | 
Yann Oe 28 21 24 OLOZA NGloudyzcss—-. + 0 1879 27.5 3.00: 
eae 24 19 22 0.02 | Cloudy.........]’ 0 1880 22.1 0.85 
LOPES As. 22 17 20 0.03 | Cloudy 0 1881 34.3 1.75 
20 Bh ae 26 10 18 T. | Cloudy 9 1882 24.8 0.88 
Diya se 34 11 22 DPS s\a@londyaya. cer 0 1883 26.4 1.28 
Date Setar e)s 43 33 38 OF80)|Cloudyi-.--- -- 0 1884 24.7 4.15 
Dorset 38 22 30 0.06 -| Cloudy......... 0 1885 27.8 2.14 
PEA os 22 15 18 Os025|*Gloudyinj..-.- 4: 19 1886 | . 19.7 1.56 
Deets 21 14 18 sea Glos oe. pees 0 1887 27.3 3.32 
Doers heer 28 21 24 29" | Cloudyao-. e<sa. 0 1888 30.4 1.20 
Dien eaten 28 16 22 (Og s@londyieootees 0 1889 36.8 2.61 
OR ane TO. 16 3 10 OL eCloudyens. os: 26 1890 26.4 TEI) 
DY Shen 31 9 20 On linGloudyery scene 16 1891 34.6 1.47 
SO emer. 40 21 30 0.01 | Partly cloudy. . 49 1892 25.6 1.52 
Blitee at 38 30 34 OLO1 | 8Cloudy.2.ene et 0 1893 27.6 2.28 
1894 30.1 0.93 
1895 28.5 5.39 
1896 28.1 0.80 
1897 25.6 2.02 
Meanthrohestitemperatlire sa-totince stack thorn atte Nahe tien atere eerie Ie ae 36.4 1898 24.8 1.42 
Meanilowesttemperature 45.) cae ae ens meee M eee cece tetera ane OA 1899 25.0 1:51 
Meant temperature LOmmMontblecii. nities nes mentee aren ae tel eee ci er Race eee 30.6 1900 26.7 0.50 
Motalsprecipibaklon LOcuMOwbhs se. -eeeeemea ee se cielo etalon cine Gace 3.94 1901 21.6 3.00. 
1902 24.8 2.89 
1903 19.7 175 
1904 PAL 1.42 
WEATHER. 1905 30.2 2.54 
1906 26.8 1.85 
1907 22.7 4.19 
Number days clear............ Seite er? ene ne Seino) the ee Neate Ob 0 1908 26.4 2.08 
oe PartiviGloUd yn ce tee thts sauce CRA eR eiN Set be ae ot eR ers te mae gana 5 1909 23.0 2.91 
CONGSTTs Kiet FESS 8 ay eS ie) es Late ek bee ye dae On Ae tos Se 26 1910 21.6 - 1.28 
With: O!0Worimore‘of precipitablone ve, es tne Re eee cee emee nee ene re 21 1911 31.1 1.58 
1912 31.0 1.20 
1913 31.8 0.55 
1914 21.6 1.57 
SUNSHINE. 1915 24.8 1.01 
1916 22.7 2.11 
1917 10.1 0.74 
Numbershoursisupshine seetanerincok casei etiecle seer Se Reece matron 36.9 1918 32.9 3.61 
‘Possiblehours sunshine J ertia..tc cos cick teen ae cle weks Coeee tein ome eioiceilec Shige 280.8 1919 19.4 0.86 
Percentage of possible s: Bas catia ents hee oa OR ee UE cL Ree ee ee EE 13 1920 30.6 3.94 


BaRoMETER—Mean, 29.90 inches; highest, 30.44 inches, on 21st; lowest, 29.00 inches, on 14th.. 

TrMPERATURE—Highest, 56°, on 13th; lowest, 3°, on 28th; greatest daily range, 25°, on 14th; least daily range, 3°,.on 10th; 
normal for month, 26.8°; excess or deficiency this month, +3.8°; accumulated excess or deficiency since January Ist, —139°; 
average daily, same period, —0.4°; highest in 35 years, 62°; lowest, —24°. 

PRECIPITATION (in inches)—Total amount, 3.94; normal, 2.08; excess or deficiency this month, +1.86; since January 1st, —2.71; 
greatest amount in any 24 hour period, 0.81, on 4th; total snowfall, 9.9. : 

Winp—Preyailing direction, west; total movement, 5,889 miles; average hourly velocity, 7.9 miles; maximum velocity 32, from 
the southwest, on 14th. na 

Darns or—Auroras, 0; dense fog, 0; slect, 30; thunderstorms, 0; halos: solar, 0; hinar, 0; frost: killing, —; heavy, —; light, —. 

. DEWEY A. SEELEY, | 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, JANUARY, 1921. 


Temperature. This month since 1863. 
Pree Percent- 
recipita- | Character of age of 
Date. tion in day possible 
inches. : Sanahine Mean Total 
Highest. Lowest. Mean. z Year. tempera- | precipita- 
ture. tion. 

PRS AS MBE ctoteitaye err ila chevasaic ais te [fcvcte anno acaaldhecpatai a ePhie call Matis tiskige clad aictac|fcdic swlelerole.» gE gl leicester bert aed 
leas aes: 49 33 41 O10?) Cloudy... 3.4.5. 0 1864 22.3 0.94 
Bae aiaais aves 36 29 32 To Cloudy. ec s..cac . 0 1865 A hea 0.65 
0? ae eee 49 28 38 0 Clears 3-20. 100 1866 21.2 2.03 
1 ere 48 36 42 T. | Partly cloudy. 44 1867 17.6 1.68 
a eae 38 29 34 0.03 | Cloudy......... 0 1868 19.0 1.47 
Geto sts: 37 29 33 0 Cloudy 26 1869 29.4 0.87 
ieee tae 45 34 40 0 @loudyae a. sa8: 5 1870 25.4 1.93 
Sue oe 40 20 30 0 Clean? ao. 5 100 1871 24.8 3.95 
Ue eee 34 17 26 0 (0) Cl ae ae 100 1872 21.6 0.42 
i an eee 42 23 32 0 Partly cloudy... 98 1873 15.9 2.98 
Dyas eee 35 20 28 T. | Partly cloudy... 37 1874 Dali 3.58 
1D Rts 21 10 16 T. | Cloudy 11 1875 12.9 1.81 
1G eae 24 10 17 0.03 | Cloudy 54 1876 30.2 1.63 
it OS aaee 28 22 25 0.03 | Cloudy 0 1877 18.1 1.33 
GR ee 29 20 24 0.02 | Cloudy 5 1878 29.1 142 
LGR ER Sou. 31 Lal 24 0/02 |Gloudys:.: 2.5: 3 1879 19.2 0.49 
ics See 20 7 14 Tea Cloudyiees tA. 12 1880 37.1 2.67 
Re 22 6 14 0 Partly cloudy... 79 1881 Lie 2.20 
eres 40 15 28 0.04 | Cloudy......... 0 1882 24.9 1.47 
DO orrawen oe 53 40 46 0605) |) Cloudy=2222..... 47 1883. 14.4 Ieoo 
eer eR. 51 41 46 0.09 } Cloudy......... 3 1884 L520 1.23 
2 ee 44 33 38 Pe Cloudysan 0 1885 15.3 2.70 
EE G2 is 39 26 32 0 Partly cloudy... 93 1886 18.8 2.66 
OO A oe 29 12 20 Re Cloudy (#36 20 17 1887 18.2 3.25 
Ly aRer e 23 12 18 T. | Partly cloudy... 31 1888 15.4 2.18 
BS eee 30 12 21 TSG lear ae oe 82 1889 28.0 i435) 
[yaaa 36 13 24 0 | Partly cloudy... 72 1890 31.5 2 31 
Bh ohare axe! 44 22 33 0 | Partly cloudy... 41 1891 26.7 0.82 
Dasa et Pe 40 26 33 0 Cloudy spans. 0 1892 19.2 0.96 
Uwe yodes 34 26 30 0 Cloudy s.....<.5 0 1893 14.8 1.78 
lea oe 32 16 24 0 | Partly cloudy... 40 1894 26.9 1937 
1895 17.5 1.04 
1896 24.6 0.79 
1897 22.3 4.17 
1898 24.9 3.07 
MMeaNp HIP NestLeMpErAhULe mean siala te sci cscs oe = tye aft alors oracelv ic piclenc coche. orotelol Yo die 36.2 1899 PALEY 2.03 
Med nilawesniiemiperaiineesmeea neh ct 9a eer oie hen ety ar eh etc we Gre. ad. 22. 1900 25.6 Avi 
MeaisteMperailre tOr MONtie-w.,e.ct cert yo Rahat Sek ees eno chehrctte cake 29.2 1901 22.2 151 
Mepalepreripitacron for MOMEBNy.eyyycleriom seen alesis fale Setiate sclera cited eitenate 0.41 1902 20.5 0.43 
1903 20.7 1.20 
1904 14.4 2.82 
1905 18.2 1.07 
WEATHER. 1906 31.8 1.99 
1907 25.2 3.97 
1908 23.8 1.89 
hMirivill evap ENP G2 a ak ON a Be Sa er Sere Ae oe te 4 1909 26.6 2.16 
LEH MACE GV pete tt Bet AP ys gE eek Mr ga a en tg a at 9 1910 23.4 PGP, 
CUSTEC ISS as ae at a ae AE A tS ES RAs Oo ee ee 18 1911 25.2 1.43 
Wath ONOtkorsmore Of precipitation. sa... 0264 tens. cectos sceelebe eos Sande 9 1912 9.2 0.80 
1913 26.2 3.10 
1914 27.0 2.98 
1915 20.4 1.54 
SUNSHINE. 1916 27.6 Sel 
1917 21.0 1.55 
1918 10.2 2.08 
iM bershours Sunshinier cer wea. s a seiko mere po edelermarente oelees Aiea teen 98.8 1919 28.5 0.36 
onei bleviGura Sunshine Sete waa ct. kes 2, c/o: Piialeise Saycck 2 dae nse 292.5 1920 13.2 1.34 
ELUENT ASE OTs DOSING ser eet taht vee cle iri eval ty ana doen 34 1921 29.2 0.41 


BaroMETER—Mean, 30.13 inches; highest, 30.96 inches, on 18th; lowest, 20.45 inches, on Ist. 

TEMPERATURE—Highest, 53°, on 20th; lowest, 6°, on 18th; greatest daily range, 25°, on 19th; least daily range, 6°, on 14th; 
normal for month, 22.7°; excess or deficiency this month, +6.4°; accumulated excess or deficiency since January Ist, +200°; 
average daily, same period, +6.4°; highest in 36 years, 63°, lowest, —26°. 

PRECIPITATION (in inches)—Total amount, 0.41; normal, 2.09; excess or deficiency this month, —1.68; since January Ist, —1.68; 
greatest amount in any 24 hour period, 0.14, on 20th and 21st; total snowfall, 1.7. 

Winp—Prevailing direction, southwest; total movement, 5,902 miles; average hourly velocity, 7.9 miles; maximum velocity, 30, 
from the northwest, on 16th. 

Dates or—Auroras, 0; dense fog, 0; sleet, 19; thunderstorms, 0; halos: solar, 10, 13, 27, 29; lunar, 19; frost: killing, —; heavy, 


light; —. 
DEWEY A. SEELEY, 
Metcorologist 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, FEBRUARY, 1921. 


Temperature. This month since 1863. 
pie Percent- 
Mate: ee Character of age of 
Sere day. possible 
atl inches. arane ? Mean Total 
Highest. | Lowest. Mean. Bu . Year. tempera- | precipta- 
ture. tion. 

Bo i cerodataTeeeybh-recels os, avarsici lo Sota acter elate SRtTe | bras ook em seat ll ePoae c ral sitierovees ast] Boerne etnies 18630 [h 5 ao. cl ye 
A ee tees 31 11 21 OFOL Cloudy 22. -25-.-- 38 1864 27.3 0.27 
Open ne rsttse 30 25 28 OLO1 | MCloudyse-eee 0 1865 27.6 1.76 
Cen nneetee 30 22 26 QUOD | Cloudy sa-. 2. 8 1866 22.7 2.28 
fae Neos 37 24 30 0210)))\\Cloudy22-s2-.25- 0 1867 30.9 3.23 
BE aa Aottte 38 32 35 0 Glondyaeine se 3 1868 18.7 1.28 
(a Sakae: 35 25 30 0.03 | Partly cloudy... 78 1869 26.7 2.95 
The shiae ee 32 26 29 0.10 NOUGY= erie e soe 0 1870 24.2 1.20 
Be sisi 34 26 30 0.05 |) Cloudy..-.... 5... 44 1871 25.6 1.73 
Qh Meee ae: 5 35 32 34 Te a N@l oma, eee se cree 0 1872 Zilme) 0 46 

ON aout 32 30 31 O01 Cloudy; 2... 222 0 1873 19.1 0.77 

il eae 3 23 27 0202") (Cloudy......... 22 1874 25.5 1.55 

28 Teal) Gloudyaessacce 2 1875 8.0 2.20 

33 0 @loudynsseee ee 0 1876 27.4 3 04 

32 0 (OC) eee 92 1877 32.3 0 00 

40 0 Partly cloudy... 88 1878 28.1 2.74 

44 T. | Partly cloudy... 59 1879 20.4 1.43 

22 0,04} Cloudy.:.-..... 1 1880 29.2 1.62 

22 Hep MOLES nos feels 5 89 1881 21.6 Beri 

22 A WOhOUd yer as 19 1882 36.1 2.28 

21 T. | Partly cloudy. . 59 1883 19.8 4.50 

26 0 Cloudy. 232-7522: 93 1884 23.4 3.69 

32 O09n es Glowdy see 56 1885 8.9 0.73 

25 OXO2s | Cloudyaseeten es 7 1886 22.3 135 

18 0 Partly cloudy... 66 1887 24.3 boa 

25 00%) | (Cloudy25: 7.2 34 1888 22.0 1.70 

26 0.69 | Cloudy.......... 0 1889 18.3 aly 

25 0 Cloudy. see cee 5 1890 31.5 1.79 

3: TN. |a@loudys cs ss 0 1891 26.7 2.20 

Sai aecareie el apera tie eee ale eee Reta cede | eee eee 1892 27.3 1.93 
ON ds cite fiave tll een elena fal enim s atearierg| Senate 1893 21.3 1.83 
BARE? osu Dhan aiestegee ce temo eb Gree al eee 1894 2152, 0.53 
1895 16.4 0.12 

1896 24.3 1.51 

1897 26.4 0.67 

1898 23.8 1.82 

Meanthighestitemperatiinesstsick hose sae later sce ee ete eee 34.8 1899 16.8 1.51 

Mean lowest: temperabitre tsetse cccu nok aon seid sinclar «+ oh Onin aieiioee neg ete 21.8 1900 17.4 3.44 

Meadnitemperatnreitonmonthee oo -eincciseeb ens seicoee tree ocoat eae enes 28.3 1901 12.8 1.83 

PoLaluprecipitationtOrsmonthee.‘ chiens othe nee oe cnee eae ee ne 1725 1902 18.6 0.44 

1903 20.6 1.58 

1904 12.0 3.30 

1905 15.8 125 

WEATHER. 1906 23.6 1.12 

1907 19.2 0.25 

1908 21.6 3.19 

Number days clear......... RGB ae een Oe colo SbeabeateaC Heo nwee 2 1909 28.4 2.36 
Partly eloudys eke) ae ete inicio noe Re Crete iar eae eee oe 5 1910 21.9 2.65 
(CIGIIG hy Ree Se a ecg tr nes ae ree See eerie, Sino he aOR icra E 21 1911 27.6 th cl 
WithiO:0ivormore of precinitationaeeeeer ee ree een aa seen eer 14 1912 15.8 2.04 
1913 20.0 1.65 

1914 (Dat 0.79 

1915 29.4 210 

SUNSHINE. 1916 19.2 0.69 

1917 15.5 0.62 

1918 21.8 3.04 

Nuniber boursisunshines ceces «oe etic coek en eee eee nee 91.6 1919 27.0 1.50 

Rossibleshoursistimshiney-s seis cette cer eee tern itera mate crane meentemeeees 295.2 1920 19.8 0.81 

Rercentacelofpossible:: cmiitacecec o hin ae Pee ae en eee ee 31 1921 28.3 1.25 


BaromMerer—Mean, 30.04 inches; highest, 30.58 inches, on 19th; lowest, 29.57 inches, on 16th. : 

Tremprrature—Highest, 59°, on 16th; lowest, 9°, on 24th; greatest daily range, 31°, on 15th; least daily range, 2°, on 10th; 
normal for month, 21.6°; excess or deficiency this month, +-6.7°; accumulated excess or deficiency since January Ist, +-389°; 
average daily, same period, +-6.6°; highest in 36 years, 62°, lowest, —25°. : ‘ ‘ 

PRECIPITATION (in inches) —Total amount, 1.25; normal, 2.02; excess or deficiency this month, —0.77; since January Ist, —2.45; 
greatest amount in any 24 hour period, 0.74, on 25th and 26th; total snowfall, 10.9. : J ; . ‘ 

Wiyv—Preyailing direction, west; total movement, 4.661 miles; average hourly velocity, 6.9 miles; maximum velocity, 25, 
from the west, on 16th. ae 

Dares or—Auroras, 0; dense fog, 0; slect, 0; thunderstorms, 0; halos: solar, 15, 19, 21, 22; lunar, 21; frost: killing, —; heavy, —; 


light, —. 
DEWEY A. SEELEY, 
Metcorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, MARCH, 1921. 


Temperature. This month since 1863. 
Date Fee Character of Soa 
a inches. day. Eee Mean Total 
Highest. | Lowest. Mean. ek Year. tempera- | precipita- 
ture. tion. 

a aéxpunicll We G Seth tec | here See | LES Se lee ce cmteees | nn coc ricorn era eimai TSGST |: eee eae d | See See 
lars 42 33 38 O03) |hCloudys-s5- 2.2. 9 1864 Siler 2.26 
Oe eee 53 37 45 T. | Clear 99 1865 37.0 2.79 
‘is Se Re ee 39 16 28 OLOUs  Cloudy2e) 2.2. 2 1866 29.1 3.39 
(AOE Caner 31 15 23 Onnya | Cloudyze seen ec 0 1867 29.7 0.68 
Tene 54 31 42 0.18 | Cloudy 23 1868 37.8 4.65 
(Oh yee 54 33 44 0.02 | Cloudy 0 1869 27.6 1.65 
Ut eee, 44 32 38 T. | Cloudy 21 1870 30.3 3.01 
if amie Aa ce 55 32 44 0.63 | Cloudy.. 0 1871 38.2 3.91 
9 40 23 32 Cloudy. . 39 1872 24.8 2.04 

NS ae eae 53 22 38 0 (0) Ere ee 100 187: 28.3 NB} 
Th eee 61 BP 46 0 Partly cloudy 89 1874 3283 1.79 
ead eee 54 35 44 0.46 | Cloudy....... 4 1875 26.2 1.02 
i636 Sates 38 31 31 0.01 | Cloudy...... 0 1876 30.6 4 $4 
i ee 40 31 36 0.06 | Cloudy 0 1877 24.5 5.60 
Dees = 66 38 52 7 Cloudy 32 1878 40.9 3.12 
Lee 48 30 39 Clear. 100 1879 Does! il is 
1 els 49 29 39 0.17 } Cloudy..... 18 1880 35.5 1.70 
Serpe. ake 45 24 34 0 Cloudy. . 40 1881 30.3 2.66 
14): Seen 76 35 56 0 Partly cloudy 79 1882 36.0 3.58 
PAS cuteness 75 51 63 0.74 Cloudy. 2 18 1883 24.9 0.71 
PA) Le eae ee 51 30 40 0.02 Cloudy... setonet 10 1884 29.9 3.67 
22 32 25 28 TS Cloudyseens 0 1885 21.3 0.58 
JETS ieee: 50 25 38 0 | Partly cloudy... 89 1886 31.3 2.63 
24 54 36 45 0:40 | Cloudy........ 0 1887 28.3 1.78 
ZOE tire ot 55 41 48 O16) |" Cloudy: 2. .:.- 25 1888 27.0 1.88 
AO docs es cae 66 42 54 Onde Cloudvac.. ...- 60 1889 37.6 1.22 
Die ake es 67 38 52 0.16 | Cloudy 8 1890 28.2 1.54 
Shs dee, f+ 38 17 28 T. | Cloudy 11 1891 29.3 2.41 
A aR: a 39 13 26 0 he Tar A be ae coe nae i 
GUA creamer 57 28 42 0 CATE esc birt 9 9: 4 : 
SHE Ree ae 48 26 37 T. | Cloudy ; 22 1894 40.1 1.25 
l 1895 2022 0.27 
1896 28.7 1.31 
1897 33.0 2.08 
1898 37.0 3.59 
Reparninie heater peranules aa0, wero sere erdetsioe os sicte ciate leis cle sou eivioiey nore wlevaleverele 8 1899 26.3 3.30 
Weslo wentstempenauune seeetts.s eenen tears AOA Mer ye (a Ac eee si ey Pe Bg SAS 30.0 1900 23.6 1.88 
MVexnabemperd pure OFMMON Us oe lise eye ceca e a eidls Fes crt tnt cketiote ealeniaee 40.4 901 cH teal 2.94 
PROLAUrecIDIbAMONLOMMONUD: oo oct cactus se ack cele os oitielarcha GEupoeis aes eels clots 3.34 1902 38.0 3.16 
1903 41.0 1.29 
1904 30.2 3.45 
1905 35.4 ool 
WEATHER 1906 PA} 74 1.86 
1907 ree Bee: 
1908 34. 2.19 
NUM DEIEC ey SiC leans weet Perey ans were ie yeas eevstsiaarsicla sttpacectayole wisia, ae 5 1909 29.9 0.90 
JRE UNA TCLGTG N P e n Ad eh Resin cco De ine CRS eran aR CE Olena Aa 3 1910 ea os 
Cloudy i Shs CARR its oi KREIS ore, Cho Gt. IBRD RTC STERIC IIS SE OL RTE eC eS 23 1911 bye 2 
Witch OLOivoranione om precrpLoabrOMltr rami. felsic cvafejarate winger A aie alist svete rate 16 1912 22.4 1.92 
1913 31.0 7 
1914 tal 1.52 
1915 30.1 0.78 
SUNSHINE. 1916 26.2 3.09 
a el 
191 A 3. 
itm Den HOUnSSLMeHING seeeeeet ests etre Mert ais 1) tte anc nin aah raed ee ote 131.6 1919 33.8 3.48 
ROSS Dleshours SiNsninetmeer. © ter. Seca: cen deci ineians cetieee tite adard cin oene 370.5 1920 Bt] Baie 
IRErcentar CxO impossible maser ein kari or ine erecta ae acon 36 1921 40.4 3.34 


BARoOMETER—Mean, 30.05 inches; highest, 30.77 inches, on 22nd; lowest, 29.38 inches, on 24th. 

TrmPERATURE—Highest, 76°, on 19th; lowest, 13°, on 29th; greatest daily range, 41°, on 19th; least daily range, 7°, on 13th; 
normal for month, 32.3°; excess OF deficiency this month, +8. 1°; accumulated excess or deficiency since January Ist, +639°; 
average daily, same period, -++7.1°; highest in 36 years, 82°; lowest, —12°. 

PRECIPITATION (in inches)—Total amount, 3.34; normal, 2. 26; excess or deficiency this month, +1.08; since January Ist, —1.37; 
greatest amount in any 24 hour period, 0.76, on 20th and 21st; total snowfall, 2.1. 

Wixnp—Prevailing direction, southwest; total movement, 6,101 miles; average hourly velocity, 8.2 miles; maximum velocity 
28, from the southwest, on 20th. 

Dates or—Auroras, 0; dense ete: 26; thunderstorms, 5, 7, 20, 26, 27; halos: solar, 1, 9, 11, 15, 16, 18, 19, 26. lunar, 0; frost : 
killing, —; heavy, —; light, — 

DEWEY A. SEELEY, | 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, APRIL, 1921. 


Temperature. . This month since 1863. 
2s Percent- 
Date ea Character of age of ; 
inches. day. bois Mean Total 
Highest. | Lowest. Meen. SUSIE: Year. tempera- | precipita- 
ture. tion. 

Se Re chs | ee PRA (SLUM caster pele <A Oe 2 hol Lee ea ay ei AL dN Eh ce 1863 os eicsasten eee 
ie see 48 19 34 Onn INC lear ancien. 5 one 100 1864 45.9 3.80 
Ds Salas 68 40 54 0 | Partly cloudy... 100 1865 47.4 2.32 
Sekecen oh 76 43 60 0 | Partly cloudy... 100 1866 48.9 1.40 
LN ee 77 49 63 0 | Partly cloudy... 100 1867 48 2 2.19 
5 eter 4 79 51 65 OahyClear: eee ete 100 1868 43.7 1.83 
(hea ie eon 81 49 65 OG Cleaner heen 99 1869 45.7 3.42 
i are 75 54 64 0.10) | Cloudy 2.0... 5... 35 1870 50.4 2.02 
Beene etna 62 40 51 0852/1) Cloudy... 5 ...5-2 9 1871 49.8 2.97 
(ees ee 45 31 38 02260 nClondyee. 5. 15 1872 47.4 1.26 

TONER 40 25 32 0.02 | Partly cloudy... 53 1873 43.2 3.88 

1h AE Sees cae 54 25 40 0 @lesree Bees: 100 1874 36.9 1.67 

LO scene 59 38 48 Op loudyak Sts... 35 1875 41.1 0 61 

TE jaca Se 53 45 49 0.18 | Cloudy.. 0 1876 44.2 2.08 

ae 56 43 50 0125 4 Cloudys.... . << 2 1877 46.2 4 14 

erie ee 53 38 46 RB MGIOUGY she ton se 0 1878 50.6 3.76 

GS Arras 38 28 33 0.66 | Cloudy. . 0 1879 44.8 Wes) 

1 SE eee 34 26 30 0.22) Cloudy... .. .:.. 0 1880 45.9 7.06 

Sapiens: 57 25 41 OW Clear.) 100 1881 45.6 is 

1K) eee 67 34 50 OU Clears gam... 98 1882 44.7 1.88 

HUE aa eree A 73 d4 58 0 | Partly cloudy... 61 1883 43.5 1.90 

Vl ais a 72 53 62 0.20 | Cloudy...:..... 33 1884 43.7 oe OS 

OD Ee 59 54 56 OFS Clondyah cs. 0 1885 43.6 2.47 

Dee cote 54 45 50 Ost h i @loudyvews ee 17 1886 50.2 1.99 

PD Ne oe oe: 79 47 63 dba tel C) ee ae 91 1887 45.4 0.90 

DOLE ee 82 2 72 0.06 | Cloudy......... 42 1888 44.0 1.15 

DD ee eeior 76 61 68 0.39 | Cloudy 45 1889 46.6 2.02 

Biers 2 65 46 56 0.19!) | Gloudyse 55-5 20 1890 47.2 3.20 

BB his reer 65 44 54 0.13 | Partly cloudy... 58 1891 47.4 1.74 

AD) tars series 49 43 46 OLOGR Cloudy. ceass 0 1892 44.5 2.04 

BOE actin 59 38 48 0 Clear ts , 100 1893 43.5 4 81 

RB Sec ceca spall oxo evmasite oie taiNlay ScaIGPErays seed fevecataste vise ete) lo cel ctarssee ace cMll aby colt cyeut ets ketene sil castes omreraT ans 1894 48 4 2.76 

1895 48.6 0.67 
1896 52.6 Pel 
1897 44 6 2.74 
1898 43.6 Zz 

Meanthichesh:temperaturerena., tach ckeucit oe ane eee ee Eee cae ene acre 61.8 1899 49 8 1.23 

Mean lowestitemperatured. cen ertor er oiee settee ao chicaee enh ote aes 41.3 1900 47.4 2.00 

Meanstemperature con Montes. tee Meme aaa teem a eats ence nee es ERE ore 51.6 1901 46.4 2.16 

Total precipitation for month. .... 3.80 1902 44.6 1.70 

1903 43.0 4 40 

1904 39.4 0.50 

1905 44 6 1.49 

WEATHER. 1906 46.6 2.43 

1907 37.8 2.81 

1908 44.6 2.15 

INAIMBeERIAAVB CLEALs 62h tecperste ssc bem ee aoe a rer Glare ei ais arnreic fc ene 8 1909 42.8 5.96 
Par tlyicloud vane cto ieee Boe eee ie is Fei ah Eee 6 1910 49.2 2.48 
ClO ARR: feats eee eg cons oO Patan: REA ae aren abe RCE rte aad ae eee 16 1911 44.3 2.11 
With 0.01 inch or more of precipitation.......:................. Bie 16 1912 45.6 3.12 
1913 45.9 3.10 

1914 44.7 2.90 

1915 51.6 1.00 

SUNSHINE. 1916 45.7 1.91 

1917 42 4 5.59 

1918 42.4 1.97 

Num bers hOurs SUNSHINE.) hice vycctsc hice ch eererctsins Gee eter ote eare Ma eee 201.7 1919 44.8 4.13 

IROsst ble Ours SUMSEITIC satay. coe Sain Faas A eee eve eee a pei cle ON ore 402.5 1920 39.9 3.25 

Rereentazeiot possible tajs even che sores te tae ae toe apne ts 8 ne 50 1921 51.6 3.80 


BAROMETER—Mean, 29.99 inches; highest, 30.42 inches, on 11; lowest, 29.33 inches, on 23. 

TEMPERATURE—Highest, 81°, on 6; lowest, 19°, on 1; greatest daily range 33°, on 3; least daily range, 5°, on 22; normal temp- 
erature, 45.6°; departure, +6.0°; accumulated departure since January 1, +818°; average daily departure since January 1, +6.8°; 
highest in 36 years, 88°; lowest, 10°. 
_ Precrerration (in inches)—Total this month, 3.80; normal, 2.54; departure, +-1.26; since January 1st, —0.11; greatest amount 
in 24 hours, 0.66, on 16; total snowfall, 4.2 in. 

Wixo—Preyailing direction, southwest; total movement, 5,544 miles; average hourly velocity, 7.7 miles; maximum velocity, 
27 miles per hour, from south west, on 27. ’ 

Dates or—Auroras, 0; hail, 0; sleet, 18; fog, dense, 0; thunderstorms, 8, 21, 22, 25, 26, 28; halos, solar: 1, 2, 3, 4, 5, 20, 24, 28; 
lunar, 0; frost: killing, 11, 18; heavy, 0; light, 9, 19. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, MAY, 1921. 


Temperature. This month since 1863. 
ated Percent- 
D Precipita- Character of age of 
ate. tion in pes aes 
5 day. possible = 
; inches. Sunshine . Mean Total 
Highest. Lowest. Mean. Staats ; Year. tempera- | precipta- 
ture. tion. 

ere | ee laeen teas | eater SF eel ca nisi slo’. cides Margene pls caval eds cemeria’s HIS Gulp seh takers: yee ce he 
WPA ateice ¢ 59 33 46 0 | Partly cloudy... 76 1864 60.2 2.87 
UE Sates 42 36 39 ON R@loudyee weer a. 0 1865 57.6 cai 
Se eee 51 37 44 Oy S| Glond yas vc... 20 1866 55.0 3.48 
ie eee 65 40 52 0 | Partly cloudy... 94 1867 61.1 3.80 
3 eee os 71 46 58 0. |W@lear neo 0 38 100 1868 59.1 2.80 
Ore eset 7 43 56 Pe Cloudyeee se 5 41 1869 56.0 2.05 
Cesta cee 70 42 56 OM Clear ses S24 99 1870 64.3 1.16 
(15 aa ee 72 39 56 OF WMC lear te aes 2 100 1871 61.4 1.97 
Ditech iia: 76 42 59 0 Clears ceix8: es 100 1872 58.5 3.72 
LO ee 78 46 62 0 Partly cloudy... 81 1873 56.9 3.05 
TUS aaa 72 49 60 T. | Partly cloudy... 72 1874 59.6 1.77 
LAS, ee ae 68 53 60 0:02) | Gloudy2........ 6 1875 60.8 4.46 
USER hanes © 65 49 57 0.03 | Partly cloudy... 49 1876 58.0 4.13 
Te ae Peas 49 41 45 1s OlOUdVae tise: 1 1877 58 .2 2.28 
eaten: 52 33 42 0 | Partly cloudy... 61 1878 54.6 3.44 
Ieee tee 60 30 45 0 Clear: eee 99 1879 58.8 2.45 
ile AAS 65 34 50 aa @lodyseee sec 63 1880 64.3 5.59 
OF nee 64 51 58 OvOT mGloudyases sans 20 1881 65.2 pe ail 
8 eee 84 51 68 0 Clear as 2 sec 86 1882 52.7 4.04 
OREM sec: 88 58 73 0 |\nClear eee e. .58 100 1883 52.8 5.66 
2) es ae 89 63 76 0 | Partly cloudy... 84 1884 56.9 3.95 
Di arene cs 87 64 76 0 Partly cloudy... 98 1885 55.8 2.30 
Se cle 85 60 72 0.28 | Partly cloudy... 77 1886 58.1 2.67 
YS ett ae 81 58 70 OcS7 | Cloudy... 35.8 35 1887 64.3 2.42 
ite ae ee 82 59 70 Ont Cleaner eee 79 1888 bane 3.66 
2 a eat ioe 76 55 66 0 | Partly cloudy... 92 1889 57.4 3.61 
DA i eee 81 56 68 0.33 |) Cloudy... .. 2... - 35 1890 Bond 4.98 
OSG. aa: 75 63 69 OROM Clondypaee see 45 1891 bbe 1.638 
BO sae as 86 59 72 0 Clean ees 81 1892 54.5 5.92 
GUS seer 87 60 74 ONn | @lear sae: 99 1893 54.4 2.86 
Sj le aecenee 81 60 70 0302) \Cloudy; os. seer. 59 1894 56.9 4.83 
: 1895 61.8 2.06 
1896 66.5 3.14 
1897 55.8 3.29 
1898 56.5 215 
Meaning hesttemperatlirert re cncess ornate. 4k ci chee tvoiacerd cranyabvch te eeace 72.0 1899 58.8 8.59 
IMeantlowesttemperature te. | a. cncki aca nlsdoneceeas CRhe SN a Pd Gk 48.7 1900 58.8 4.17 
IMeanitem peraibube dor month venice cunt nese ky ceacs eeettetaa 60.4 1901 lth. 74 2.42 
Total precipitation for month............. “ie Rep eee E rs 1.33 1902 58.4 4.92 
1903 59.5 2.63 
1904 57.4 2.40 
1905 56.7 Sour 
WEATHER. 1906 56.6 3.05 
! 1907 51.2 2:22 
1908 59.6 5.59 
ING bern sclearne ca opmlscte em Seti che lN tek bore elie ae) oe es eae coe ke 10 1909 |, 55.8 2.44 
Partly ClOUdVAe ~ ody deatesis cohen eee AORTA PLE OF re, alae 10 1910 Deb: 4.13 
Clon yee otic te: 4 &. ahs he. 4 bers 11 1911 63.5 2.67 
With 0.01 inch or more of precipitation. ; ae tae Ce 8 1912 57.6 6.57 
1913 56.2 2.22 
1914 58.6 4.66 
1915 51.5 2.74 
SUNSHINE. : 1916 56.6 5.13 
1917 50.2 33 8/ 
1918 61.1 2.89 
Nanni ber hours sunshine s apenas wales k oeme teres, cena ck pir en ced aah cutee 301.0 1919 54.5 4.29 
Possiplewhours sunshine: qore ys cepa tee mes cee Aue tone nies Maelo celta ent 454.7 1920 pos 1.43 
percentar evoimpossible ie Seyi miek ap cot ceeare atu aon dave ke cick 2. UR 66 1921 60.4 1.33 


BAROMETER—Mean, 30.02 inches; highest, 30.34 inches, on 16; lowest, 20.74 inches, on 13. 

TEMPERATURE—Highest, 89°, on 21; lowest, 30°, on 16; greatest daily range, 34°, on 9; least daily range, 6°’ on 2; normal temper- 
ature, 57.1°; departure, +-3.3°; accumulated departure since January 1, +918°; average daily departure since January 1, +6.1°; 
highest in 36 years, 95°; lowest, 17°. 

PRECIPITATION (in inches)—Total this month, 1.33; normal, 3.58; departure, —2.25; since January Ist,—2.36; greatest amount 
in 24 hours, 0.85, on 23 and 24; total snowfall, 0.0 in. 

Wrnp—Prevailing direction west; total movement, 4,342 miles; average hourly velocity, 5.8 miles; maximum velocity, 20 miles 
per hour from northwest, on 13. 

Dates or—Auroras, 13, 15, 16; hail, 0; sleet, 0; fog, dense, 0; thunderstorms, 23, 24, 27, 30, 31; halos: solar, 4, 17, 23, 24. 
lunar, 0; frost: killing, 16; heavy, 0; light, 1, 15, 17. : 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, JUNE, 1921. 


Temperature. This month since 1863. 
+ Percent- 
D : Precipita- Character of age of 
ate. nom da ossible 
inches. Mg te Hine Mean Total 
Highest. | Lowest. Mean. sungoine- Year. tempera- | precipita- 
ture. tion. 

PME able 04 pega mad feed (oe Sm eteraD, || ter 7 AO ae Pe | ni cee re ee [Lear 18 3 Pn eae (Se 3 Beis 
WEA aero 74 52 63 0 | Partly cloudy... 87 1864 67.6 3.88 
OF eee 84 52 68 0:10))/Cloudyz4-8e 65 1865 70.8 3.55 
Se ous 75 44 60 T. | Partly cloudy... 49 1866 66.6 5.37 
Aa ene 65 39 52 0 CATES ee dant 100 1867 71.6 2.83 
Seebeck: 70 37 54 0. fiClear! | 24.0285 85 1868 68.5 3.55 
(ae ome 74 42 58 T. | Partly cloudy... 78 1869 64.4 4.40 
Vina eet 65 56 60 0202) AC loudyaeeey oa. ie 1870 70.9 Tad 
Sere | al Bil 67 0.03 | Partly cloudy... 44 1871 68 .2 2.93 
Que Nes 84 56 70 0 | Partly cloudy... 100 1872 71.8 3.45 
NOs ce 89 65 77 0.07 | Partly cloudy... 68 1873 70.6 2.96 
11 ee 82 63 72 0.03 | Partly cloudy. . 49 1874 70.6 5.07 
12 86 54 70 0) | i@leares* =: ee 100 1875 66.6 1.84 
13 85 60 72 0 Gleari ie) 2 99 1876 68.1 4.34 
14 82 54 68 0 | Partly cloudy 76 1877 65.9 3.53 
Wiis gets. 84 55 7 Ores iClear. he, 88 1878 64.1 3.15 
16 84 64 7 T. | Partly cloudy 54 1879 66.0 2.87 
(76s Seen 94 65 80 OminGlearo ss... 100 1880 67.6 5.04 
(Si Acs es 90 65 78 1 A2s|Cloudyay ee... 47 1881 64.3 4.37 
19 83 60 72 0). )4@lears eo: 100 1882 66.5 D.De 
BOP ines 87 54 70 O09!) (Clear a 3: 92 1883 65.9 11.35 
DA aes ore 90 65 78 0 | Partly cloudy... 66 1884 68.9 2.83 
DORE cies 88 67 78 0 | Partly cloudy... 86 1885 64.7 6.01 
DONG ie si 87 66 76 0 | Partly cloudy. . 88 1886 65.7 1.92 
24 87 62 74 0 | Partly cloudy... 76 1887 68.5 2.47 
Drie eis 89 62 76 0.04 | Partly cloudy... 77 1888 67.9 2.51 
26R eae 89 65 77 0.07 | Partly cloudy... 66 1889 62.8 3.42 
Oe Eee aes 84 67 76 1 (02; || (Cloudy: = 45... 27 1890 70.3 3.92 
DR ieee eee 80 67 7 OG5q|eCloudyenew ere 24 1891 67.4 2.55 
DO ee ae 87 66 76 OWNMClesr seen: 100 1892 67.7 4.33 
BOKee a 91 64 78 0). pCleark Bee ce 97 1893 66.6 4.85 
Ba mi Ee ee oe oa ad eer [OO oma aN Ure aires |Rerthad « OeN tomil outs Ao Me wcle 1894 71.4 1.30 
1895 71.4 1.01 
1896 69.9 2.60 
1897 64.2 2.57 
1898 67.6 4.91 
Mean highest tem perature sc sce, sec seis ccc ere ici eek a ial ic. hme sere 82.9 1899 68.2 1.15 
Meanilowest term peratureser os 2c secrete ais miei eine See aes SR ee 58.2 1900 65.2 2-57 
Mean temperature for month 70.6 1901 68.0 Sys 
Total precipitation for month........... Ber Se net tien bY ior RA 3.24 1902 61.8 7.28 
1903 62.0 6.28 
1904 65.6 2.49 
1905 66.2 7.47 
WEATHER. 1906 67.1 4.61 
1907 65.0 2530 
1908 70.0 1.23 
Nim ber: dayarcleatt:, Aes <r) vacirs cte en enema Cm ne ered Cad ee Aeaare este enare 10 1909 66.7 2.86 
TUN AHN ACd OWLGh Zhen aS see CeERCaGioE Heigl arenes eyes emer ae Sens One 15 1910 64.9 1.95 
Cloudy Pete aes tk atte a agerars nw teeta nts ote PNT eC Soe ue ee hc enone conser 5 1911 68.0 3.77 
Wath 0:01 inchvor'mGre/of precipitatione a ee. eats a eee eee ens 11 1912 63.1 0.97 
1913 67.6 1.01 
1914 66.0 4.11 
1915 61.0 3.96 
SUNSHINE. 1916 61.4 5.39 
1917 62.4 4.54 
1918 64.4 2.07 
Number! hotrsistmnshine 22 se. scat ce gas oe eas oene cian aoe a gina ian eeverpeearede 335.0 1919 71.9 3.18 
Pogaiblehours|Sunshines servers .< <c/ec he ace forse eae teres ae sana el Aira 459 4 1920 67.7 4.17 
Rercentazelompossibles.. 2k eos occ sees eee e eee eee ts ss oedema tenes 73 1921 70 6 3.24 


BAROMETER—Mean, 29.98 inches; highest, 30.44 inches, on 5; lowest, 29.66 inches, on 28. 

TeMPERATURE—Highest, 94°, on 17; lowest, 37°, on 5; greatest daily range, 33°, on 20; least daily range, 9°, on 7; norma] temper- 
ature, 67.2°; departure, +-3.4°; accumulated departure since January 1, +1021°; average daily departure since January 1, +5.6°; 
highest in 36 years, 99°; lowest, 34°. 

PrecipiraTion (in inches)—Total this month, 3.24; normal, 3.40; departure, —0.16; since January Ist, —2.52; greatest amount 
in 24 hours, 1.63, on 27 and 28; total snowfall, 0.0 in. 

Winp—Preyailing direction, south; total movement, 2,903 miles; average hourly velocity, 4.0 miles; maximum velocity, 18 
miles per hour, from southwest, on 18. 

Dares or—Auroras, 0; hail, 0; sleet, 0; fog, dense, 0; thunderstorms, 2, 10, 18, 20, 21, 25, 26, 27, 28; halos: solar, 2, 5, 6, 7, 14, 
23, lunar, 0; frost: killing, 0; heavy, 0; light, 4, 5. 

DEWEY A. SEELEY, 


Meteorologist. 
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REPORT OF THE PHYSICS DEPARTMENT. 


President F. 8. Kedzie, 

East Lansing, Michigan. 
Dear Sir: 

A brief annual report of the Physics Department for the year ending June 
30, 1921, is herewith presented. 


The personnel of the department was as follows: 
Charles W. Chapman, Professor of physics. 
William EK. Laycock, Associate professor of physics. 
Edwin Morrison, Assistant professor of physics. 
Kugene B. Butler, Instructor in physics. 
Wilbur H. Thies, Instructor in physics. 
8. Elizabeth Morrison, Laboratory assistant and clerk. 
Ralph M. Harford, College photographer. 
Wallace W. Tappan, Caretaker of the department. 


Mr. Butler and Mr. Thies began their duties as instructors, September 1, 
1920. 

Praetically no equipment has been purchased throughout the whole year, 
but through our own efforts some apparatus has been added. In one week 
we built 4 magnetometers the approximate cost of which would have exceed- 
ed $25 each had we bought apparatus of an equal grade. We have increased 
the capacity of our storage battery switchboard so that we now have 112 
volts. Besides, we have again rewound our rotary converter. This policy 
was adopted by us in order that the Physics department might do its part in 
the conservation of funds at a time when the assistance of all departments 
was needed, as the college financial condition was practically in a state of 
bankruptcy. 

The following revisions, and additions, have been made in and to our work 
in physics. 


(a) Physics 4b, which has previously been a three-credit course, becomes 
a five-credit course. 

(b) Laboratory fees have been revised as follows: fee for a two-hour 
laboratory period will be $1.50, while a $3.00 fee will be required for a 
four-hour laboratory period. Physics 5, laboratory fee will be $5.00. 

(c) Physics 3d and Physics 3e which have been required of sophomore 
home economics students for several years past, now becomes an elective. 

(d) Physics 3, “Mechanics and Electricity” (spring term-5 credits), will 
henceforth be required of freshman home economies students. 

(e) The agricultural and engineering courses remain practically un- 
changed, with the following modification in laboratory work for the 
engineers (Physics 2f-:pring term): 

To make the engineering laboratory work of a higher collegiate 
grade and yet add to its practical value, six new laboratory problems 
were worked out to replace the six stereotyped experiments that 
have been used in practically all colleges for the last ten to fifteen 
years. One of the new problems combines three of the former 

19 
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experiments, making a problem that commands the attention and 
respect of our engineering students. The remaining five experi- 
ments are also of equal importance. 

(f) We have been authorized to give three years of physics as a minor in 
the Applied Science course, which will necessitate the engagement of an 
additional instructor during the year 1921-22, and possibly another in 
the year following. 


The courses in physics taught and the number of students enrolled in each 
subject, were as follows: 


Summer Term, 1920 
Students 
Preparatory pi ysics.. niu eee cleo. meet: ie ieee 14 
PRSVSIGS hei skeet. ey net ne ere arias dive a mee 8 
VSI CS aos eos Pie neo ee Ore 1 
BIV SIGS SG: GS ee aly dk.) oe ene Te osc PO 8 a 1 
PHY SICSE BOs. «3.2 Souci Ae eae oeT ee eee ee 3 
Phy Siesta. fo3 5. eR ee Poti hes oe NG ah tented 3 


TOGA oo, REAR AL, RR AN pee et, aE TAL TO 40 
Fall Term, 1920. 
PD VSS TG 5 cise orste: otic he eae ee ree cheek lord vee te 143 
nyse Zee. ' iki Mes aye cee ne tact tae eine eget 153 
IPH S168 Cision 5° ister ete caces yom WARE Aa MC cA ie aes 12 
TOG S55 Sat nd toc oak he OO a CE Pees 308 
Winter Term, 1921. 
PR ysics lie a. -2 . 2k lempsiceraethds Sep bara os eee 129 
PHYSICS Or tae s, atte tes Boe kA Peo On EE eee a 138 
PPTLVSICRHSP 2 fn feta tr ce hak eae to wees cae Ae pee Ae, 107 
HOME COURSE sais. POLL nae caer ne os Ae ee ae 39 
PLO Gauls 1a: eae eens Sts ecto A ree eee 41¢ 
Spring Term, 191. 
ATV SICSAZE 0s Sie ons Roce cote oe eo Rt AA ag 118 
PINVSIGS Bata rin cpt k Seeder ln: gaits ai eee tae Se 93 
IBY SICSA Ds een kN ost ae iat ihr eenty denn. Gn arg meee Nea 15 
Total: cc ye rae he UN's ee ah Coan eee 226 
Prep. phys. lab. for partially disabled ex-service men.... 36 
Rotalvenrollmenior the pears yas eer ree 1,023 


Physics 5 (for veterinary students) was eliminated, spring term, there being 
only one freshman veterinary student. 

Physics 4c has not been offered for three years on account of the lack of 
laboratory room. 

In the summer of 1907, the Physics department moved from the north 
half of the Chemistry Building into the Hngineering Building where it had 
two lecture rooms, an apparatus room, a shop, three large laboratories used 
exclusively for physics—rooms that were about 40 feet by 50 feet—and three 
recitation rooms. Since the fire which destroyed the Engineering 
Building, March 5, 1916, we have been in very cramped and inadequate 
quarters. This means that much of the apparatus has had to be taken down, 
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put away and new apparatus set up for the different sections. Some of the 
apparatus is used in common by agricultural, home economics and engineering 
students in the basement hall of the Forestry Building, while the remainder of 
the apparatus is in their respective laboratories. This condition has neces- 
sitated smaller and scattered sections than would have been required had we 
had more and larger laboratories. Furthermore, the Engineering Laboratory 
will not accommodate more than 16 students at most and is better adapted 
for 12 or 14 students. 

We now have only two rooms for lecture and quiz work; formerly we had 
five, well-planned rooms. 

In view of the fact that we will be called upon to give three years’ work in 
physics as a minor in the Applied Science course, whereas we have offered only 
one year’s work to engineers; two terms’ work to both home economics and 
agricultural students with a small group elective allowed, it becomes evident 
that if we are to do any work in physics of a high standard, more and suitable 
room must be provided in the very near future. 

Due to the cooperation of both students and teachers, all work has been 
carried on as efficiently as such cramped quarters would permit. 

Respectfully submitted, 
CHAS..W. CHAPMAN, 
Professor of Physics. 
Kast Lansing, Michigan, June 30, 1921. 


REPORT OF THE DEPARTMENT OF PHYSICAL TRAINING. 


President F. 8S. Kedzie, 
Dear Sir: | 

I respectfully submit to you the following report of the Department of 
Physical Training for the year ending June 30, 1921. 

The year opened with several new additions in the teaching staff. George 
Clark came to us in the capacity of football and baseball coach, James Devers 
as instructor in gymnasium and the combative sports, Miss Jessie MacCorn- 
ack as instructor in girls’ work. The most important addition to the work 
was the establishment of the College Health Service with Dr. Clyde Reynolds 
as director. The work was established to give adequate health education, 
and medical and health care to all the students. A thorough medical and 
physical examination was given every entering student, a series of health 
talks were given all freshmen, while medical advice and medical attention were 
given all who were in need of such help. It is planned to extend this service 
just as far as possible and include both the sick and health program of the 
entire college. Miss Gertrude Loudenback, an instructor in girls’ work was 
also added to the staff, coming to the College in April. L. L. Frimodig, J. G. 
Heppinstall, A. N. Smith and Miss Helen Grimes who were with us the pre- 
vious year remained throughout the year and did excellent work. Physical 
training work was given throughout the year to all the students, both boys 
and girls. The work for girls consisted of formal gymnasium work, folk and 
esthetic dancing, swimming, recreative games and athletics in all its phases. 
There was a marked improvement in the organization of the work for girls 
over previous years and the teaching was efficiently handled by the three 
instructors mentioned above. The girls have the use of the gymnasium 
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and swimming pool from 8:00 to 12:00 in the morning, leaving the entire 
afternoon and evening free for the men of the institution. 

The gymnasium work for men was divided into twelve sections which, with 
the athletics and the girls’ work brought the gymnasium into use from 8:00 
a.m. to 8:00 p. m., six days in the week. Representative college teams were 
maintained in football, baseball, track, basketball and cross-country and all 
had fairly good seasons. Inter-class and inter-society teams were active in 
all the sports, and I believe there was more general participation in 
recreative activities than ever before. 

There is need for more lockers in the gymnasium, as with our limited number 
it is necessary to put two or three in a locker, which is always unsatisfactory. 

I wish again to respectfully call your attention to the necessity for a stadium 
or some adequate seating equipment for handling out-of-door sports. We 
cannot bring the strong western teams to our field under present conditions 
and it is bad for the institution to play all of our important games away from 
the College. Then, too, our present stands are becoming unsafe and we are 
told must be condemned very shortly. 

Respectfully submitted, 
L. BREWER, 
Director of Physical Training. 
Kast Lansing, Michigan June 80, 1921. 


REPORT OF THE DEPARTMENT OF ZOOLOGY AND PHYSIOLOGY. 


To the President, 

Sir: I have the honor to submit the following report of the Department of 
Zoology and Physiology for the year ending June 30, 1921: 

There are few changes to be noted in the work of this department for the 
year. As forecast in my last report, Mr. Bergquist has been able to care for 
the work in geology in a most satisfactory manner and it has not been neces- 
sary to add a new instructor. The work in zoology and physiology has pro- 
eressed normally and requires no special comment. Recent changes in cur- 
riculum are likely to require some additions during the coming year because 
of the reinstatement of physiology in the Home Economics course and the 
possible large increase of students in both physiology and zoology in con- 
nection with the Applied Science course. Naturally however, it is impossible 
to anticipate these at present. 

A rather unusual amount of outside or extension work has been done during 
the year by several members of the department force. It has been cus- 
tomary for many years to call on this department for its stereopticon in con- 
nection with the various lectures and other entertainments given at the College, 
and at some seasons hardly a week passes that our instruments are not thus 
used. In addition, the head of the department and Professor Conger have 
given talks or addresses with some frequency before various clubs, societies 
and schools mostly in the immediate vicinity but occasionally at some distance. 

The department has become much interested in the development of the fur 
farming industry in Michigan, particularly fox farming. Early last year 
the fox breeders of Muskegon county appealed to the College for assistance 
and advice in some of their problems and eventually we undertook investi- 
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gations along several lines in connection with the U.S. Biological Survey of 
the Department of Agriculture at Washington. Professor Conger has visited 
several of the Muskegon fox farms and has talked with the owners and others 
interested, and given some lectures on this new industry. It seems likely 
that this work will have to be carried on indefinitely and with increasing at- 
tention as the industry develops, but thus far it has not seemed expedient to 
issue any bulletin on this subject. 

Two points of interest should be noted in connection with the general 
museum: One is the gift of about one hundred specimens of mounted birds 
by Mrs. J. W. Potter of Lansing, forming a welcome addition to our local 
collection. These birds were collected in the vicinity of Lansing, and were 
mounted by Mrs. Potter’s father, Hiram Rossman, after he was eighty years 
old. The other item is the disappearance of one of the old attractions of the 
museum, the so-called war horse, Old Buckskin, which was ridden by Lieut. 
L. B. Baker of the U. 8. Secret Service during the Civil war and was present 
at the capture of J..Wilkes Booth, Lincoln’s assassin. This mounted speci- 
men was presented to the College many years ago but through age and poor 
preservation originally, had deteriorated to such an extent that Lieut. 
Baker’s relatives agreed that it would be better to have it removed from the 
museum. It was therefore destroyed and the saddle and bridle which 
had been merely loaned to the College were returned to the owners. 

Respectfully submitted, 
WALTER B. BARROWS, 
Professor of Zoology and Physiology and 
Curator of the General Museum. 
East Lansing, Michigan June 30, 1921. 


ANNUAL REPORT OF LIBERAL ARTS COUNCIL. 


To the President and State Board of Agriculture: 
Gentlemen: Members of the board of control for the current year: 


Professor W. W. Johnston. 

Professor C. P. Halligan. 

Mr. J. B. Hasselman. 

Professor W. H. French. 
Student members: 

Mr.:W. A. Tobey. 

Miss Dorothy Foster. 


The liberal arts council has endeavored to provide wholesome, literary and 
musical entertainment from time to time during the college year, for the 
student body. 

We have had a very excellent line of entertainments but have been handi- 
capped in having a place to hold the meetings. We were finally granted the 
use of the gymnasium for a part of the meetings, through the kindness of 
President Kedzie and Physical Director Brewer. 

Our experiences of the year lead us to make two recommendations to govern 
future activities: 
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First, that a regular place be provided for holding such entertainments so 
that every one will understand where they are to occur. 

Second, that the president shall have a joint meeting of all the committees 
of the College, charged with the oversight of literary and social entertamments, 
in order that the schedule may be arranged so there will'be no conflicting 
dates. Our greatest trouble during the past year has been that we were un- 
able to find a date for some of the meetings that would not conflict with from 
one to four other entertainments that were being given on the campus. 

The following is a list of entertainments held during the college year. 


October 11—Hortense Neilson, reading.................. $125 00 
November 1—Edward and Helen Atchinson, recital........ 100 00 
November 29—Professor R. A. Tallcot, reading............. 75 00 
January 10—Ellie Werner Kinney, literary reading........ cou 
January 19—Elizabeth Lennox, musical recital........... 250 00 
February 10—Hon. W. W. Ellsworth, address............. 100 00 
February 24—Jessie V. Rittenhouse, address.............. 100 00. 
March A pollo, male quartets 5% 1! 3.6 Aske chinese ae 100 00 
March 14-Jane Addams, address 2): 3! ioe eho eee ees 75 00 
April i Mi CAC IO SSIES CUO ous, nk SAC page ee 200 00 
April 19—Sam Higginbottom, address................ 50. 00 


In addition to the foregoing items of expense there have been bills for 
printing, labor and supplies. The entire financial statement for the year, 
showing receipts and expenditures, is appended hereto. 

RECEIPTS AND DISBURSEMENTS—COMMITTEE ON LIBERAL ARTS. 
School Year 1920-1921. 


RECEIPTS. 

June,30: 1920: = Balance-on hand)”. 2) Nee. eae. & $537 54 
Student Tees. 5 ae te nae Seda $e 1,555 14 
Gate Teeeipis.,.. otc ods, stoi ee 134 25 

DISBURSEMENTS. 

June 20,1921.) (Refund: to‘students:: ) ... 080k a sees $0 68 
1) 016) ae Ata PRE PR Sco BEER ks hy 167 50 
HnterbainmMents:. ../es4 6 othe Chae 1,245 00 

’ (PRITTEUOR... OS.S ae ke oe ee rs ee ee 26 95 
Miscellaneous...) 08 in ei ah eek ea eee 111 30 
Balance on‘hand.: 15. Joel eee ere et 675 50 


$2,226 93 $2,226 93 


tespectfully submitted, 
W. H. FRENCH, 
; Chairman Liberal Arts Council. 
East Lansing, Michigan. June 30, 1921. 


THIRTY-THIRD ANNUAL REPORT 
OF THE 
EXPERIMENT STATION 


OF THE 


Michigan Agricultural College 
UNDER THE HATCH AND ADAMS ACTS 


YEAR ENDING JUNE 30, 1920 


For members and organization of the State Board of Agriculture in charge of the Station 
and list of officers, see pages 5 and 13 of this volume. 
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REPORT OF SECRETARY AND TREASURER 


THE FOLLOWING SHOWS THE RECEIPTS AND DISBURSEMENTS OF THE EXPERI- 
MENT STATION FOR THE YEAR ENDING JUNE 30, 1921. 


Dr. Gr: 

Vv ee LOZ Ot e OD AlanCe eeepc nib Mae ase a a hae Mets alse tees |llaleal be 8.5.0 Bee $00 00 
Aug. 18, 1920. received from U.S. treasury....... NOS chulahe Miial creceas $7 ,500 00 
Oct. 22, 1920. received: trom U- Setreasury.. 2: oc oss. oe aes ee 7,500 00 
Jan. 13, 1921. TECELVEdGIrOMN Ue Su LReRSULYs. =: oc he hee tee bee aniciers 7,500 00 
April 18, 1921. received tramjUe Se treasurye a. seu. noe cava naapeaes 7,500 00 
June 30, 1921. State treasurer, one-fifth mill fund.................. 197,013 29 
license fees, commercial fertilizer................... 8,940 00 
license fees, commercial feeding stuffs............... 16,480 00 
Graham horticultural experiment station............. 458 70 
Upper Peninsula experiment station................ 6,492 91 
South Haven experiment station................... 685 62 
farm and miscellaneous receipts..................-. 5,968 87 

By disbursements as per vouchers filed in office of the 
Statemuditor cenerale ss voce tay, 0 eet enhs iors J erpeeslt AA ew errata 266,039 39 
ANON tt Bo Ste na one ene CRS OEY ICRC Ee CRORE TER AERTS $266,039 39 | $266,039 39 


-.Twenty-five thousand regular bulletins No. 288; forty-five thousand regular bulletins No. 289; forty- 

five thousand regular bulletins No. 290; twenty-five thousand regular bulletins No. 291; twenty-two 
thousand regular bulletins No. 292; twenty-three thousand special bulletins No. 102; ten thousand 
special bulletins No. 103; eight thousand special bulletins No. 104; thirty thousand special bulletins No. 
105; thirty thousand special bulletins No. 106; forty seven thousand circular bulletins No. 44; five thou- 
sand circular bulletins No. 45; five thousand circular bulletins No. 46; ten thousand circular bulletins No. 
47; four thousand technical bulletins No. 49; four thousand technical bulletins No. 50; four thousand 
technical bulletins No. 51; fifty thousand quarterly bulletins Vol. 3, No. 1; fifty thousand quarterly 
bulletins Vol. 3, No. 2; fifty thousand quarterly bulletins Vol. 3, No. 3; forty-five thousand quarterly 
bulletins Vol. 3, No. 4, have been issued by the Experiment Station during the fiscal year. 


DISBURSEMENTS ON ACCOUNT OF U. S. APPROPRIATIONS. 


Hatch Adams 
fund. fund. 
Salaries: 
Director and other administrative officers.................-.e+ee-+- $1,900 00 
SCICUUIN CISL alee ee ue oe pa eed Or eke UOT Ce gi UPR. hs abe re stan Pen 3,550 00 $800 00 


9,550 00 14,200 00 


$15,000 00 $15,000 00 
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DISBURSEMENT OF EXPERIMENT STATION MONEYS—OTHER THAN RECEIVED 
FROM U. 8. TREASURER. 


eid hy (2: Ree eee ee gn Se ein eoMenven eae er nets a MEY 98 SIGIR a A 28 yale Arar A kta Ani $99 ,227 46 
GUTS OD ENS Sie 5 ghia eiiaticiia oes aiieahe Whetan oie tanane ete ZeN Ta CeO ee ee ASE rc ere EL era Rt On eT 44,579 39 
PUDLCATLONS «, 2 EA rere coins s ters Ste RR eee Ee cet IE a te oe eins ee i ce pe 21,396 17 
POStare ana StatlOMEr ys cei, conte ay ate aceite ee eee ety et cite cole cone teel i TIER Rte arte pet ahr ae Meeeyienae 1,732 58 
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REPORT OF THE DIRECTOR OF THE EXPERIMENT STATION. 


To President F. S. Kedzie: 

The activities of the Experiment Station during this year continued to return 
to normal after the interruptions of the war period. The appropriation of 
more funds and the employment of additional workers during the year 
afforded much relief. Very satisfactory progress was made in equipping and 
developing the work of the Upper Peninsula Station at Chatham and also 
the Graham Fruit Station at Grand Rapids. Particulars relating to these 
important activities are included in department reports or special publica- 
tions. 

During this year the director’s office was given valuable assistance by Mr. 
EK. B. Hill, who aided with the general detail work of the office and assumed 
the entire responsibility for publications. Publication costs have increased 
to such an extent as to impose restrictions relative to numbers and sizes 
of bulletins as well as size of editions. 

The news letter for county agents and extension workers established during 
this year by the office of the director of extension has become an important 
medium of conveyance of timely items of information for immediate use by 
those in the extension service. 

For a period extending back to the time of organization of the Experiment 
Station, this institution has participated in regulatory work including inspec- 
tion of fertilizers and later feedstuffs, fungicides and insecticides as well as 
the direct or indirect supervision of orchard, nursery, and apiary inspection. 
With the termination of the present fiscal year all these activities have been 
transferred to the Department of Agriculture, established by an enactment 
of the last Legislature. 

Especial mention should be made of the achievements and results of the 
Crop section by way of development of new varieties which have been placed 
in the farmers’ hands in a satisfactory way through cooperation with the 
experiment association. 

The following statement includes the funds disbursed during the year 
indicating their source: 
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| SIO SUSLT YY 2" 2 AAG dove aye RR a a ee $15,000 00 
JENGICTET ISTE SSRs 020, SS a de ge deg ea 15 ,000 00 
UDI ES Jolie gy OES gs iet Mi Bae UR a an 156 ,063 29 
POU Pare bee tne wep yt te Le. TAY $186 ,063 29 
Wimmer egestas 8. oe bie Atty i kets $12,250 00 

fp Ceneuncemit eudLO Mie eer Re Eo ASE sy 24,000 00 
Southaven ptahom fo, SU ee ae. 2,700 00 


The three sub-station funds are included in the State fund given above. 


LIST OF BULLETINS. 
No. Regular: 
228—Commercial feeding stuffs. 
289—Corn growing in Michigan. 
290—Soil fertility. 
Special: 
103—Forest planting in Michigan. 
104—-Soils of the Detroit area. 
105—Rosen rye. 
106—Sugar beet growing in Michigan. 
Circular: 
44—European corn borer. 
45—Hughes annua! white sweet clover (Hubam). 
46—Sweet clover. 
47—Poisoning from bacillus botulinus. Cause; prevention; treatment. 
Technical: 
49—Studies in infectious abortion. 
50—Rate and extent of solubility of minerals and rocks under different 
treatments and conditions. 
51—Studies on the reactions between soils and various chemical com- 
pounds. 
Respectfully submitted, 
R. 8. SHAW, 
Director of the Experiment Station. 
East Lansing, Mich., June 30, 1921. 
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REPORT OF THE ANIMAL HUSBANDRY SECTION. 


Director R. 8. Shaw, 
Dear Sir: 

I have the honor to submit the following report of the experimental work 
conducted by the Animal Husbandry section during the past year. 

Another year’s work on the use of stover silage for fattening steers has been 
concluded. The work this year embraced three lots of steers. Lot 1, was 
fed normal corn silage as previously, lot 2, stover silage, and lot 3, stover silage 
plus an amount of corn equal to that which was removed from the stover 
when it was placed in the silo. Lot 1 made an average daily gain of 1.94 
pounds; lot 2, 1.42 pounds and lot 3, 1.58 pounds. Not only was the gain 
ereater in lot 1 but the cost was much lower in lot 1 than in the other two lots, 
both of which averaged about the same in cost. The results this year were 
decidedly in favor of placing the corn in the silo along with the stover or 
the making of normal silage. Plans are already under way for the repetition 
of this work the coming winter. It is earnestly hoped that before another 
year facilities will be added to our equipment to permit the handling of a 
much larger number of steers, as the feeding of one carload in our present 
quarters greatly overcrowds the beef breeding herd, and a single carload of 
steers does not provide a sufficient number of animals to work out the various 
angles entering into the question of the use of stover silage. 

The experimental work with pig feeding as reported last year is being 
repeated, as we felt that the amount of grain required to produce 100 pounds 
of pork as shown in the tests reported was rather large, and an effort is being 
made to discover if there is any reason for this. The tests will be repeated 
twice, making five trials in all before the work is reported on, which we think 
will be sometime early next spring. 

Respectfully submitted, 
; GEO. A. BROWN, 
Professor of Animal Husbandry. 

East Lansing, Mich., June 30; 1921. 


REPORT OF THE ANIMAL PATHOLOGY SECTION. 


Directors R. 5. Shaw, 
Dear Sir: 

I herewith submit the report of the Animal Pathologist for the year ending 
June 30, 1921. 

Two problems have been studied the last year, namely, the pathology of 
pyometra in cattle, and the effects of medicinal agents on the uterine mucosa 
of the cow. 

A report of this work has been submitted for publication as Technical Bul- 
letin No. 54, anda detailed discussion here would be unnecessary repetition. 
Briefly, it may be said that pyometra is a common and serious sequel of 
abortion infection and is characterized by a purulent inflammation of the 
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uterus with the accumulation of more or less pus in the uterine cavity. But 
little work has been done upon the pathology of this condition in cattle and 
appreciating the importance of a knowledge of the pathology of any affec- 
tion as a guide in outlining a rational treatment, it was considered advisable 
to devote some time to a study of this condition. 

This preliminary study indicates that the essential lesions in the uterus in 
this condition are, a superficial and more or less general necrosis of both the 
gland mucosa and the region of the cotyledons of the uterine mucosa; and 
leucocytic infiltration and fibrosis of the superficial portions of the stroma. 
The depth of the necrosis varies from fifty microns to eight-tenths of a milli- 
meter and in places produces many minute ulcers extending more deeply 
into the uterine mucosa. In one case of a more chronic nature the most 
conspicuous alteration was the presence of numerous small cysts in the uterine 
mucosa. Cystic ovaries are of frequent occurence in sterile cows but to the 
writer’s knowledge this condition of the uterine mucosa has not been reported. 

The condition observed in this case may explain the occurrence of nympho- 
mania in cows in which cystic ovaries are not clinically recognizable. 

The other problem studied was undertaken with the hope of throwing some 
light on the changes produced in the uterus by the usual treatment of the 
catarrhal conditions. The use of irritants in the treatment of these conditions 
is a long established practice and many gynecologists have condemned the 
use of them, assuming that their use possibly produces changes that interfere 
with subsequent pregnancies. In this work concentrated preparations of 
iodine were injected into the uterine cavity and also used to swab the cervical 
mucosa. The treated animals were slaughtered at varying intervals of time 
and a gross and histological examination made of the reproductive organs. 

The observations made in these cases indicate that the use of such prepara- 
tions produces an acute fibrinous imflammation of the uterine mucosa with 
superficial necrosis; the necrotic zone varying in depth from twenty microns 
to one millimeter. Sloughing of the necrotic zone and regeneration of the 
epithelium are initiated within forty-eight to seventy-two hours after treat- 
ment. Out of ten cases treated there were three in which the treatment 
apparently caused the rupture of a bloodvessel resulting in a hematoma. In 
one of these the cow was in heat, another was menstruating, and dnother 
was in the early stage of pregnancy (pregnancy not diagnosed before treat- 
ment). In each of these conditions there is an engorgment of the blood- 
vessels and the thought is suggested that such treatment about the time of 
estrum or menstruation may be a dangerous practice. 

The results indicate that repair is more or less complete in about two weeks 
and but little, if any, fibrosis results from the treatment administered in these 
cases. 

Respectfully submitted, 
EK. T. HALLMAN, 
Animal Pathologist. 

East Lansing, Mich., June 30, 1921. 
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REPORT OF THE BACTERIOLOGICAL SECTION. 


Director R. 8. Shaw, 

Dear Sir: 

Progress can be reported on every problem outline in our report of the 
preceding year. No changes have been made in the projects as outlined in 
that report. Research Assistant, Robert L. Tweed, in charge of Adams 1a, 
reports on his work as follows: 

During the past year one-third of my time (winter term) has been spent 
teaching and two-thirds with technical research and work of a popular nature. 

Under project, Adams la, ‘“The effect of diseases in the cow upon the milk”, 
I have under way experiments relating to the following phases of the problem 
as applied to infectious abortion. 

1. Studies upon the significance of high cellular counts from Bact. abortus 
infected udders as compared with non-infected udders. 

2. A study of the teats as an avenue of Bact. abortus infection of the udder. 

3. Feeding experiments with Bact. abortus infected milk. 

4. Study of strains of Bact. abortus and abortus-like organisms isolated from 
milk. 

5. Efforts to devise better methods for studying the presence of Bact. 
abortus in the udder. 

Under my direction, also, graduate assistant, O. H. Friedeman, has under 
way ‘“‘A study of the nature of Bact. abortus infection of the udder” the results 
of which he expects to submit as a master’s thesis. 

My work of a popular nature has consisted of bacteriological examination 
of 26 fecal specimens, from as many different cases suffering from intestinal 
disorders. In the majority of these cases a diet was recommended supple- 
mented with some form of fermented milk. The laboratory has furnished 
162 quarts of this milk with 75 per cent of the cases reporting beneficial results 
from the fermented milk as part of the diet. B 

I have also made 15 autogenous vaccines for the treatment of chronic bac- 
terial infections, 6 complete blood counts, 2 blood cultures, 2 examinations 
of human milk being used for infant feeding, and 5 examinations of milk for 
the presence of Bact. tuberculosis. 


[Robert L. Tweed.] 


In the report of progress made by Research Associate Ruehle on Adams 
project 1b, I would call your attention in particular to the recommendations 
relative to cooperation with the Sections of Chemistry and Dairy Hus- 
bandry. From the standpoint of economy, efficiency and determination of 
speedy results this co-operation is imperative. Mr. Ruehle’s report follows: 

My time was devoted this year to three lines of effort, namely, (1) teaching; 
(2) work of a popular nature, and (3) research work on the “Keeping quality 
of butter,’’ (project, Adams 1b). 

The work of a popular nature consisted in answering numerous letters of 
inquiry relative to dairy hygiene, and inspection and analyses of the milk sup- 
plies of East Lansing and the College. Several minor investigations were made 
of the sanitary condition of various dairy products but nothing was found of 
sufficient interest to warrant a description of the work. 
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The research work on the “Keeping qualities of butter,’’ was continued 
along the line of the work done last year. At the October meeting of the 
Lansing section of the Society of American Bacteriologists, a paper was read 
on the subject, “Metallic flavor in dairy products with special reference to 
butter’. The following is an abstract of this paper, which appeared in the 
March, 1921, issue of “Abstracts of Bacteriology”’: 

Experiments were conducted in which iron lactate and copper lactate at the 
rate of 200 parts per million were added to cream that was made into experi- 
mental butters. The latter were studied both when fresh and after a period 
of cold storage. It was found that both salts were capable of producing the 
flavor in fresh butter. In storage butter the metallic flavor was followed by 
tallowiness and fishy flavor in the case of the addition of copper lactate, and 
of indefinite off flavors in the case of iron lactate. 

Two bacteria of the B. subtilis group, one isolated from metallic flavored 
butter and the other from a sample of bitter milk, when inoculated into the 
cream which was then made into butter, produced the flavor very faintly 
when the butter was fresh, but after varying periods of storage produced the 
flavor to a notable degree. 

Other members of the B. subtilis group when inoculated into fresh milk, 
produced the flavor in 24 to 72 hours when the milk was held in an ice box. 
The rapidity of development of the flavor seemed to be correlated with the 
ability of the microorganisms to produce peptonization of litmus milk when 
held at 37° C. The members of the B. subtilis group which were found to 
produce metallic flavor were (1) B. mycoides; (2) B. megatherium; (3) B. 
vulgatus, (mesentericus vulgatus); (4) B. ramosus; (5) B. subtilis (laboratory 
strain) and (6) B. subtilis (American museum of natural history strain). A 
control tube was not metallic but the addition of Difco ‘peptone’ resulted in a 
flavor very similar to metallic. 

Further experiments are in progress and will be reported fully later. 

Since the above abstract was written it has been discovered that one of the 
bacteria referred to in the paragraph beginning ‘Two bacteria of B. subtilis 
group’, etc., is not a member of the B. subtilis group, but is probably B. fluor- 
escens liquefaciens. This is the organism which was isolated from bitter milk, 
reported two years ago. (See Ann. Report Bact., 1919). A more rigid 
examination of the above mentioned organisms may result in a revision of 
names. 

A summary of the same data appeared also on page 103 in the February, 
1921 issue of the Experiment Station Quarterly under the title of “Off-flavors 
in Butter’. A fuller account of these investigations is being prepared for 
presentation to a suitable journal. 

It is planned to continue this work and other similar work as soon as suffic- 
ient funds are available to support it. In the meantime a study is being made 
of the microflora of off-flavored butters, with the view to comparing their 
floras with those of good flavored butters. In this way it is hoped to lay the 
foundation for future work in this field. 

Isuggest that it would be well to ask the Chemistry section to cooperate 
with us on this problem, even to the extent of becoming jointly responsible 
for the project (Adams 1b). I find it impracticable to do the necessary chemi- 
cal work myself. At the present time it is desirable to determine whether 
* certain off-flavored butters have appreciable amounts of iron, copper, lead or 
zinc salts present and, if so, to what extent. Some of the work which I have 
done, and work done at other places, suggests that these salts are the exciting 
cause of certain off-flavors, notably metallic and tallowy flavors. A large 
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number of samples of butter should be examined for their content of these 
metals and experiments should be performed to show the amounts required 
to produce the results, the chemical reactions taking place and the conditions 
which determine what takes place. 

It would be advantageous also to have the Dairy section partly respon- 
sible for the project, since they are in closer touch with the buttermaking 
industry and could give the work a practical direction and interpretation, as 
well as assist us in the manufacture of experimental butters and in the judging 
of the butters being studied. 

[G. L. A. Ruehle.] 


I take the liberty to quote from my report:-for this year to the president: 

“Tt is with no small measure of regret that I announce the retirement by 
resignation of Mrs. Zae Northrup Wyant at the close of the fiscal year. I 
shall take occasion to speak of her work in my report to the Director of the 
Experiment Station. When I took charge of the laboratory in 1912, she was 
engaged in research exclusively. Since then she has been under the necessity 
of teaching many classes under many circumstances. Without fail, she has 
measured up to the responsibilities and with ability, energy and rare good 
nature she has proved what had already been demonstrated in the field of 
investigation, that in the students’ laboratory she could command the respect 
of and stimulate and inspire all. Her capacity for work and versatility in 
a setting of rare good humor is without equal in my experience. She leaves 
a lasting impress on this institution and on the science of bacteriology.” 

A very casual study of this Experiment Station’s records for the past four- 
teen years will reveal the tremendous amount of worth while work accomplish- 
ed by Mrs. Wyant. There are to her credit a considerable number of technical 
bulletins, popular bulletins, and lengthy contributions to the annual reports 
in the field of dairy, soil, fermentation, entomological and general bacteriology. 
She has also to her credit numerous scientific and popular papers in the cur- 
rent periodicals and journals. Her resignation meant a distinct loss to the 
College and Station and we fear to science, and put us in the very difficult 
position of locating a worthy successor, competent to carry on her work. 

Research Associate Zae Northrup Wyant, in leaving, places in our hands 
a complete record of her unpublished work. 

The following is a brief report of some of the work which, for the past year 
and practically up to the present time, has been under her immediate super- 
vision: 

Silage poisoning: Fourteen samples of silage, two samples of oats, and one 
each of corn and hay were sent in for analysis. Either they were suspected 
of poisoning stock or merely sent in to see whether they were fit to feed. 
B. botulinus was found in none of the samples, although cultures from several 
of the samples were suspected of containing these organisms. Two samples 
of silage were good and their feeding was recommended. 

No silage inoculation experiments were carried on this year. 

Flax retting: No work has been done until the last few weeks of the year 
upon this problem. Miss Trevithick, a student, is just beginning some 
research work upon this subject under the direction of Mr. Tweed. 

Vinegar: From July 1, 1920 to June 30, 1921, two hundred ninety three 
requests for vinegar cultures were received; 329 yeast cultures were sent out, 
not including 25 gallons of starter sent to a Michigan canning company for 
manufacturing vinegar stock, also 332 cultures of acetic bacteria and 56 lots 


EXPERIMENT STATION REPORTS. 161 


of chemicals for making honey or maple syrup vinegar. Of the batches of 
chemicals, 53 were for making honey vinegar, and 2 for maple and 1 for 
molasses vinegar. Most of the honey vinegar cultures were sent out of the 
state. In addition potassium metabisulfite was sent to two different people 
to aid in controlling of fermentations. 

The increase in requests for vinegar cultures appears to be due largely to 
timely articles on vinegar which have been published in the quarterly bulletin, 
or to reviews of Special Bulletin No. 98 on ‘‘Vinegar’’ published in various 
farm papers. A considerable number of the requests for honey vinegar have 
resulted from the publicity gained by an article entitled ‘Profit in Honey Vine- 
gar,” written by R. H. Kelty of the Entomological section and published in 
the November, 1920 number of “Gleanings in Bee Culture’. 

Requests for vinegar cultures were received from 53 counties this year as 
against 26 counties last year; thirty four of the 53 counties ordered no cultures 
last year, while only 7 of those obtaining cultures last year, failed to send in 
a request this year. This makes an increase of 27 counties or one more than 
double the number of counties reached by the quarterly bulletin and other 
advertising methods this year. Of the 293 requests, 196 came from Michigan 
counties, and 97 were from other states and from Canada. 

The table follows: 

21 
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NUMBER OF REQUESTS FOR VINEGAR CULTURES SENT OUT FROM JULY 1, 1920 TO 
JUNE 30, 1921. 


Counties. 


1920 


1921. 


Counties. 
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NUMBER OF VINEGAR CULTURES SENT OUT FROM JULY 1, 1920 TO JUNE 30, 1921— 


COMPARED WITH THOSE SENT OUT THE PREVIOUS YEAR. 


Altogether 659 vinegar cultures were sent out this past year, 456 to Michigan and the remaining 203 


to other states and Canada. 
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The following table gives the data for Michigan counties and for other 
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Ten out of the 59 samples analyzed were found to be market standard 
(4 per cent) or above, while only 5 were found to be worthless. ‘The remaining 
44 samples theoretically would make good vinegar if optimum conditions are 
provided for the vinegar organisms. 

Several parties have, in this and other states, made inquiry concerning mak- 
ing cider and other vinegars on a large scale. The technical portions of these 
inquiries were referred to the Farm Mechanics department. 

The new prohibition law has caused the farmers and others who have vinegar 
to sell or wish to make vinegar to sell, or wish to keep their cider sweet, to 
send inquiries to this laboratory concerning the legal formalities necessary for 
obtaining permission. All such inquiries were referred to the federal pro- 
hibition director, Federal Building, Detroit. Many inquiries have also 
come in with regard to methods of preserving sweet cider. Pasteurization 
was recommended and in a few cases where the labor and expense of this would 
be too great, the addition of 0.1 of 1 per cent of sodium benzoate was advised. 

An instructor in the Clemson Agricultural College, South Carolina, was 
interested in making vinegar out of waste watermelons. Advice as to the 
method of procedure was given, but the first attempts were unsuccessful. 
The experiment will be repeated this year, using further precautions suggested 
since it seems that there is no reason why vinegar could not be made from this 
raw material. 

Twenty-five gallons of yeast starter was sent in the fall upon request to a 
Michigan canning factory, which utilizes its by-products as vinegar stock. 

A few samples of vinegar have been received which showed the typical 
darkening due to soluble iron salts or to tannin. Analysis proved iron to be 
present. For the remedy the owner was referred to Special Bulletin No. 98. 

A New York commercial firm dealing in beverages requested that this 
laboratory furnish them with commercial quantities of the vinegar yeast 
and bacteria. This request was refused but the name of a commercial 
biological supply laboratory near the beverage supply company was sug- 
gested as a possible source of continual supply. Evidently a satisfactory 
agreement was made since a request for the two vinegar cultures was received 
by this laboratory from the biological supply laboratory. 


FOOD. 


Pickles: One request was received for information as to why cucumber 
pickles became mushy. It was advised to use paraffin to exclude the air dur- 
ing and after the fermentation since the organisms causing this type of 
decomposition in pickles need air for growth. 

Pectin: A large Chicago mail order firm requested information as to the 
advisibility of using pectin in making jellies, and also wanted to know what 
kind and size of package would appeal most to the housewife. Since the 
laboratory has carried on some experiments with commercial pectin, it was 
advised that this product has a certain place in the household for use with 
fruit juices containing little or no pectin. The information was given that the 
~ commercial pectin used was put up in quart seal fast jars and was preserved 
with benzoate of soda. 

Canned peas: A sample of canned peas removed from the can and placed 
in a sterile bottle was sent in for analysis since they didn’t ‘‘taste right”’ 
Since it is very difficult for one trained to handling material “‘aseptically”’ 
to remove food from a can and place it in a sterile container, it is very prob- 
able that these peas were contaminated in this way and of course the germs 
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had a favorable opportunity to grow while the sample was in transit. Need- 
less to say many bacteria of different types were found to be present but 
B. botulinus was not found. This is probably the information which was 
desired anyway, since the several outbreaks of botulism have stimulated the 
housewife to be on the alert for spoiled canned goods. 

Canned corn: Three samples of canned corn were sent in for analysis. 
One sample was said to taste sour and the question was asked: “Is B. 
botulinus present?” Yeasts, diplococci and a few small gram positive rods in 
short chains, but no B. botulinus was found. The can containing the second 
sample of corn had a cracked cover. It was stated that many of the cans of 
corn of this pack showed the same phenomenon. It was not easy to say 
whether the covers were defective or whether so much gas formed in the can 
that the cover could not stand the strain. In every case, it was stated, the 
corn was apparently contaminated with microorganisms. The corn in this 
particular case was moldy, slimy, contained quantities of gas and many small 
flies and their larvee. The corn had a sour, putrid odor. No spore-forming 
organisms were found to be present, consequently the cracked cover was 
attributed to defective glass or too strong a spring. 

A sample of commercially canned corn was placed at 65° C. to see whether 
it contained thermophiles before inoculating with a pure culture of a thermo- 
phile already isolated. This corn, after about two weeks’ incubation, was 
found to have an odor and to contain a thermophile resembling the pure 
culture. The corn was very much disintegrated and mushy, and considerable 
gas was present. 

Canned string beans: The beans, canned in glass, had been opened and 
touched with the fingers to determine their consistency which was said to 
be mushy. They were said to have an off odor. Microscopical examination 
proved them to contain but very feworganisms. There wasno gas, no sedi- 
ment and the juice was clear. These beans were evidently all right since 
cultural tests were negative. 

Canned tomatoes: The tomatoes examined were canned by the open 
kettle method. This can (sealfast) was a leak. The tomatoes appeared full 
of gas and somewhat disintegrated, but the odor was normal. A slender 
rod with a terminal spore was isolated and found to be the cause of the gas 
production. 

Canned beets: A can of commercially canned beets was brought in which 
appeared to be all right but on opening, the beets were found to be black, 
and this blackening was found to extend to the center of the beet. The 
odor and taste was said to be normal. Gram negative gas forming bacteria 
resembling B. tetani morphologically, were found to be numerous as also 
were large gram positive sarcines. 

Canned pineapples: A swelled can of commercially packed pineapples, 
supposed to be poisonous, was examined and found to contain only yeasts 
in numbers. The odor and taste was of ethyl aleohol. Analysis showed 
4.16 per cent alcohol by weight to be present. Guinea pig inoculation proved 
negative. 

Canned pickled pears: These pears had been removed from a commercially 
canned gallon can which was a swell. The contents were thought to be 
poisonous. The juice had a bluish fluorsecence. Two pure cultures (gram 
negative) isolated were very vigorous gas producers at 37°. They were not 
B. botulinis however. 

Canned asparagus: This can was not a swell but the liquid was cloudy. 
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Gram positive rods were found to be present but cultural and animal inocula- 
tion tests were negative. 

One of the state hospitals which does its own canning had trouble with 
spoilage of their fruits and vegetables. ‘The cans used were 2 qt. Mason jars 
and they were planning to discard these and use gallon jars instead to see 
whether the spoilage couldn’t be prevented in this way. Advice was given 
to the effect that it would be poor policy from the “‘keeping”’ as well as from 
the economic standpoint to make this change since their trouble evidently 
came from the failure of heat penetration in the 2 quart jars. The processing 
periods advised in the cold pack method are for quart and pint jars which have 
a lesser diameter than the 2 quart and thus the heat will more quickly pene- 
trate. It is obvious that the use of gallon jars would not solve this trouble. 

[Zae Northrup Wyant). 


Fifty samples of soil, silage and manure have been sent upon request to 
the University of California where they will be analyzed for the presence of 
B. botulinus. 

The investigations on foods and fermentations are to be continued by Mr. 
Robert L. Tweed. 

Mrs. Wyant reports further on her soil studies: 


SOILS. 


One season has passed since undertaking the microbial peat decomposition 
experiment which employed buckwheat as a crop indicator of microbial activi- 
ties in peat soil, with very interesting results. In the first place the manure 
organisms caused a very startling increase in the yield of seed over that of 
peat uninoculated. Peat alone gave a yield of 3 bushel per acre while peat 
inoculated with manure organisms gave a yield of 104.8 bushel per acre, peat 
plus rock phosphate yielded buckwheat seed at the rate of 44.3 bushel per acre, 
while the same combination plus manure organisms gave a yield of 101.1 
bushels per acre. 

The various composts used as soil gave very good yields also. Compost 
A which contained peat, rock phosphate and manure gave a yield of 58.3 
bushel per acre. This most probably would have been considerably larger 
if the plants hadn’t been destroyed by rabbits when they were quite large, 
necessitating the setting in of more plants. Compost B (peat and rock phos- 
phate with compost A as an inoculum) gave a yield of 80.7 bushel per acre, 
while compost I+ M which contained sulfur in addition to the peat and rock 
phosphate, gave a yield of 94.5 bushel per acre. Thus it was made evident 
that microorganisms play a considerable part in crop yield. 

Either sulfur or rock phosphate or a combination of the two, or sand were 
found to be desirable adjuncts to peat, The particular type of clay used, 
however, seemed to depress yields in most cases. The stimulating or de- 
pressing action respectively of the various additions seemed to affect the 
microbial flora, especially particular types. 

As a rule composted peat seemed slight better as a soil than raw peat to 
which compost or other materials was added but this is not sufficiently marked 
to advise its use in agricultural practice. 

From the standpoint of seed yield, it was found to be profitable to compost 
peat with rock phosphate before using it as a soil or as a fertilizer. 

[Zae Northrup Wyant.] 
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The salient points brought out in these investigations will be submitted as 
a technical bulletin in the future. 

The investigations on microbial decomposition of peat are to be continued 
under the direction of Dr. Robert M. Snyder. 

Research Associate Cooledge, has profited by his advantage in not being 
required to spend any time in the class room or student laboratory as evi- 
denced by the very satisfactory report of progress which follows: 

During the past year I have continued work upon project Adams 3a, which 
has the followmg for its object: 

(a) A study of methods in use at the present time for determining the 
bacteriological condition of dairy products. 

(b) An attempt to develop new methods where the old are found inade- 
quate. 

(c) A study of bacteriological problems relating to market milk by means 
of tests developed under (a). 

Progress made upon this problem has been reported as follows: 


191-1920: 


The keeping quality of milk as judged by the colorimetric hydrogen-ion 
determination (L. H. Cooledge and R. W. Wyant), Journal of Dairy Science, 
Vol. III, No. 2, March, 1920, Michigan Academy of Science, March, 1920; 
Local Section of American Chemical Society, April 1920; Local Section of 
Society of American Bacteriologists, December, 1920. 

An improved comparator, Journal of Industrial and Engineering Chem- 
istry, Vol. 12, No. 5, May, 1920. 


1920-1921. 


Judging the keeping quality of milk by a pH method, laboratory section 
American Public Health Association at San Francisco, California, Sept. 15, 
1920. In American Journal of Public Health, December, 1920. 

A new laboratory method of determining the condition of milk. Michigan 
Public Health Association, Bay City, May 26, 1921. 

The two following papers covering work completed during the past year 
have been completed and are ready to submit for publication: 

The colorimetric hydrogen-ion determination as a means of studying bio- 
logical changes in dairy products, and 

"An experiment in improving the milk supply of a city ne plant. By L. 
H. Cooledge, Bacteriological section and O. T. Goodwin, Dairy section. 

Problems which I have under way are progressing favorably and give 
promise of very interesting results. 

[L. H. Cooledge.] 


The bovine infectious abortion project (Adams, 3b) has continued under 
the aggressive leadership of Research Associate Huddleson, during the year. 
Very satisfactory progress on this vital problem is indicated by the following 
report: 

During the past year my time has been largely occupied with the problem 
in bovine infectious abortion. Additional work has consisted of teaching 
(Bacteriology 19), examining blood samples (bovine origin) for bovine infec- 
tious abortion and bacteriological examination of material from both animal 
and human origin. 

One trip was made during the year to Coldwater, Michigan, for the pur- 
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pose of giving two herds of dairy cattle the vaccine’ treatment for infectious 
abortion. 

The following papers have been submitted during the past year: 

Studies in infectious abortion. Presented at the annual meeting of the 
American Veterinary Medical Association, Columbus, Ohio, August, 1920., 
Journal of the American Veterinary Medical Association, Vol. II, No. 5, 1921. 

The accurate diagnosis of bovine infectious abortion. Presented at the 
annual meeting of the U. 8. Live Stock Sanitary Association, Chicago, Illinois, 
December, 1920. Vide annual report for 1920 of the U. 8. Live Stock Sani- 
tary Association. 

The bleeding of cattle and swine for the blood test for infectious abortion. 
Vide Michigan Agricultural Experiment station quarterly, November, 1920. 

The importance of an increased carbon dioxide tension in growing Bact. 
abortus (Bang). Presented by Ward Giltner at the annual meeting of the 
American Society of Bacteriologists, Chicago, December, 1920. Vide 
Cornell Veterinarian, July, 1921. 

The problems in the investigation of infectious abortion which were sub- 
mitted in the report for 1919-20 have been studied further together with new 
problems which have suggested themselves in the course of the investigation. 
Very little progress has been made in one or two of the important problems 
owing to the limitations of the experimental herd and to the fact that the same 
animals could not be used for two investigations at the same time. 

We have housed, in the experimental barn at the present time twelve cows, 
fourteen heifers, one bull and two male calves. In addition I have added 
seven sows for the purpose of conducting investigations in swine abortion. 

The problems which are under investigation are: 


1. The immunization of cows and heifers against infectious abortion using 
killed and living cultures of Bact. abortus (Bang). 

Owing to the large number of factors involved, the solution of this problem 
is slow. A large number of animals must be employed and experiments 
repeated before conclusions can be drawn. The data which have accumu- 
lated from our own experimental herd while yet few, are very encouraging. 
Several herds in the State have been treated, but sufficient time has not 
elapsed for the tabulation of the final results. 

2. The routes through which Bact. abortus gain entrance to the body. 
This problem is still under investigation. 

3. The bactericidal effect of different chemical agents in vivo against Bact. 
abortus. The work on this problem did not progress very rapidly during the 
past year owing to the employment of the animals in other experiments. 

4. A study of the antigenic and pathogenie properties of many strains of 
Bact. abortus. The work on this problem is nearing completion, and will 
soon be ready for publication. 

The specificity of the intradermal test and its value in differentiating be- 
tween infection and immunity. 

This problem has not progressed as rapidly as was planned, owing to the 
discovery that the abortin when injected into the animal would give rise 
to the development of agglutinating and complement fixing antibodies in 
the blood of the animal in question. Since the majority of the animals are 
on immunization experiments, and others are under observation for the re- 
turn of the above antibodies, the appearance of antibodies from the injection 
of abortin is very misleading and interferes with the correct interpretation of 
results, 
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6. The isolation and cultivation of Bact. abortus. Since the publication of 
the late investigations on this problem much thought has been given to its 
practical application to the study of Bact. abortus infections in the udder 
and in the generative organs. I feel confident that the medium and the 
method of isolation (atmosphere of increased CO. tension) can be improved 
upon but little. Jt is true, that in the isolation of Bact. abortus from infected 
milk by means of gentian violet liver agar, there are occasions when a repeated 
examination fails to duplicate the former findings. A plausible explanation 
for these results is that there are days when the organisms are not discharged 
from a Bact. abortus lesion in the udder (if such a lesion exists) into the milk. 
Similar findings are encountered in isolating typhoid bacilli from the feces 
of carriers or individuals during the disease process. The method of isolation 
in this case is not condemned as a failure when succeeding examinations fail 
to give concordant results. To demonstrate the absence or presence of 
Bact.-abortus in milk by making repeated examinations, this method is just 
as satisfactory as the guinea pig method, and much more economical and 
time saving. 

Two new problems have developed and are now under investigation. 
They are: 

1. The observation of heifers which were infected at birth for the return 
of the infection (Bact. abortus). 

2. Swine abortion. 

(a) Etiology. 
(b) Susceptibility to Bact. abortus. (Bang). 
(c) Prophylactic and therapeutic measures in the control of the disease. 

There were received during the year 238 blood samples (bovine) (exclusive 
of samples from the experimental herd) for the application of the agglutination 
and complement fixation tests for infectious abortion of which 95 or 39 per 
cent were positive and the remaining negative to one or both tests. 

During the year the following miscellaneous specimens have been received 
for bacteriological diagnosis. 


Source. Suspected. Total.| Pos. | Neg. 
Bovine Mem), SCptIGemilals.... 0... selene 4 4 0 
Avian Mem: “SCMHCEM aa ares. sis micle lene easeete 1 0 if 
Avian fhubenculosiss. ... 3 see e ee weenie 2 2 0 
Porcine PLUIDEECULOSIS NS 1.45 Seeds tee hice eee ales 1 1 0) 
Bovine GPUDELCUIOSISS, .. cova ceaeuessreremnmisiebesers 1 1 0 
Human HUbDeCULOSISE 1. eee cle cre taued-tenenckens 2 0 2 
Human 1FAA1 01 U0) (0 Vani eines Ain) AS Coc, solos picket 3 0 3 
BOVE Zaye es ioee tN tearick oe Bre TO ea Ree symptomatic anthrax........... 3 3 0 
Avian.... bacillary white diarrhea.......... 10 8 2 


Three samples of feed were received from different sources and reported 
as being the cause of the death of live stock. These samples were fed to rab- 
bits and guinea pigs with negative results in each case. 

There were prepared during the year seventeen autogenous vaccines 
for boils. Very favorable results were reported from their use.” 

[I. Forest Huddleson]. 


Dr. H. J. Stafseth, Rescarch Associate, was given leave of absence for a 
year beginning February Ist, 1920. Leave of absence was extended to July 
Ist, 1921 and he was given the title, Research Associate and Associate Pro- 
fessor. It is our purpose to utilize the half of his time allocated to the 
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Experiment Station for the study of the miscellaneous animal disease problems 
that necessarily and continually arise in a State in which animal husbandry is 
a highly developed branch of agriculture. There are many phases of the 
abortion problem that are worthy of more attention than Mr. Huddleson 
can find time to devote to them. Poultry diseases constitute a great menace 
to a very extensive industry in many parts of the State. Hemorrhagic 
septicemia, black leg, the intercommunicability of tuberculosis among the 
various species of domesticated animals and many other animal disease 
problems await a satisfactory solution. 

Research Associate Fabian devotes most of his time to teaching, but he 
has found time to undertake three minor problems during the spring term: 

~ The first problem was an investigation of the influence of a solution of lye 
upon the bacterial spores of B. larve. The lye solution is recommended by 
the Entomological section for use in connection with American foul 
brood. It was found that the solution they recommend was of sufficient 
strength to kill the spores of the above organism. Mr. Ivan W. Parks, a 
senior student, greatly assisted in this work and we expect to publish the 
results of the work at an early date. 

The second problem was a study of the influence of various kinds of glass- 
ware, used for shipping water samples to this laboratory, upon the bacterial 
count. Every imaginable glass container is used to send in water from over 
the State. The water is in transit some time as a usual thing especially from 
the more distant points. Mr. W. L. Mallmann, who has charge of the water 
analysis, and myself undertook to determine whether the glassware did have 
any effect and whether it was worth while testing a sample after it had been 
in transit several days. Our data suggested that the glassware had little or 
no influence and that there is value in such an examination provided all the 
other bacteriological requirements are fulfilled, such as taking the sample, 
ete. Our results will be ready for publication in a short time. 

The third problem was a study of the hydrogen-ion concentration of differ- 
ent kinds of glassware when sterilized with buffered and non-buffered solu- 
tions. Mr. Ross C. Stull, asenior student, majoring in bacteriology, deserves 
full credit for the splendid work he did on this problem. 

It was while working with sterilized buffered and non-buffered solutions in 
the laboratory that a greater change was noticed in the hydrogen-ion concen- 
tration in the case of the latter than in the former. Numerous investigators 
have shown that a buffered solution resists a change in hydrogen-ion concen- 
tration to a far greater extent than does an unbuffered solution; but to what 
degree different kinds of glassware influence the hydrogen-ion concentration 
of solutions sterilized in it has not been studied to any great extent. It was to. 
study the influence on the hydregen-ion concentration of a buffered and a 
non-buffered solution when sterilized in various grades and different kinds 
of glassware that this work was undertaken. 


Solutions: For the non-buffered solution triple distilled water was pre- 
pared by taking distilled water that came from our laboratory still, and 
redistilling in the presence of potassium dichromate acidulated with sulphuric 
acid. Barium hydroxide was then added to this distillate and it was again 
distilled. The final distillate (conductivity water) was collected, its hydro- 
gen-ion concentration adjusted to pH=7.0, and used for the non-buffered 
solution. The buffered solution was the standard nutrient broth made by 
adding 3 grams of meat extract, 10 grams of peptone (difco) and 5 grams of 
sodium chloride to 100 ec. of tap water. It was sterilized and its hydrogen- 
ion concentration adjusted to pH=7.0. 
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Standard solutions: The standard solutions used were prepared accord- 
ing to Clark and Lubs (1), (2). The acid potassium phosphate solution was 
made from Merck’s especially prepared salt (‘‘Scerensen’s potassium phos- 
phate’’) which had been recrystallized three times in triple distilled water 
and dried to constant weight at 110-115 C. The sodium hydroxide solution 
was made from chemically pure material, all necessary precautions being taken 
to get it carbonate free. It was then stored in a paraffined bottle and care 
taken to keep it free of CO. and moisture. The boric acid and potassium 
chloride salts were recrystallized several times and dried according to direc- 
tions. The proper mixtures were made and stored in bottles, the more alkaline 
series being stored in paraffined bottles. 


Indicators: Di brom ortho thymol sulphon phthalein (Brom thymol 
blue), pH range 6.0—7.6, and thymol sulphon phthalein (thymol blue, 
alkaline range), pH range 8.0—9.6, were made to 0.04 per cent in 50 per cent 
alcoholic solution. Phenol sulphon phthalein (phenol red), pH range 6.8 
8.4 and Ortho cresol phthalein (cresol phthalein), pH range 8.2—9.8, 
were made to 0.02 per cent in 50 per cent alcoholic solution. 


The color standards: 'Ten cubic centimeter quantities of the standard 
buffer mixtures having the desired pH value were placed in colorless glass 
tubes 1.8x15¢m. ‘Ten drops of indicator covering the desired pH range were 
then added. These tubes were then placed in a Cooledge comparator (3) 
and were ready to use. The color standards were placed in the front rack of 
the comparator and 10 ce. of the unknown solution containing ten drops of 
the proper indicator was placed in the rear rack of the comparator. A 
compensating blank of water and one of the unknown solution were then in- 
serted in the rear right and front left holes, respectively, of the comparator 
and the readings made. 


PROCEDURE. 


Procedure A. New glassware that had never been used was secured from 
stock and without washing or treating with cleaning solution it was filled with 
non-buffered conductivity water which had been adjusted to pH 7.0. The 
glassware was then autoclaved for 30 minutes at 15 pounds pressure. As 
soon as the water had cooled down to 20° C., 10 ¢. c. samples of it were taken, 
10 drops of indicator added, and the pH value determined in the Cooledge 
comparator as previously described. This same glassware was refilled four 
times with non-buffered conductivity water and twice with broth, autoclaved 
after each time and the pH value determined. This was done to determine 
the effect of the glassware on the non-buffered solution and to see if the 
amount of alkali was sufficient to change the reaction of the buffered solution 
after four times autoclaving with the non-buffered solution. Six different 
grades and kinds of glassware were treated according to this procedure and 
were marked sets la, 2a, 3a, 4a, 5a and 6a (see tables 1 to 6). 


Procedure B. The same procedure was followed with a different set of the 
same glassware only the glassware was refilled with broth and autoclaved six 
times instead of four times with conductivity water and. twice with broth. 
It was desired to know if sufficient alkali would be given off by the glassware 
to change the hydrogen-ion concentration of the buffered solution. Six 
different grades and kinds of glassware were treated according to this. procedure 
and were marked sets 1b, 2b, 3b, 4b, 5b and 6b. (see tables 1 to 6). 


Procedure C. It is common laboratory practice to wash new glassware 
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with cleaning solution (60 grams potassium dichromate, 60 c. c. sulphuric acid, 
and 1000cc. water) to get rid of the excess of alkalinity, free it of organic 
“matter, and destroy the resistant spore-forming bacteria, if any are present. 
Accordingly a third set of the same glassware was obtained from stock and 
first treated with cleaning solution as follows: The glassware was filled with 
the cleaning solution, heated 30 minutes in flowing steam, rinsed five times in 
tap water and once in distilled water. It was then treated as in procedure A. 
This was done to see what effect the cleaning solution had on the glassware 
in influencing the hydrogen-ion concentration of the buffered and non-buffered 
solutions after autoclaving. (Sets lc, 2c, 3c, 4c, 5¢ and 6c, tables 1 to 6.) 


EXPERIMENTAL WORK. 


Soft glass test tubes were divided into sets and marked set la, set 1b 
and set le. Each set was run in triplicate as outlined in procedures A, B 
and C. The results are shown in table 1. 


TABLE 1. 
Procedure A. | Procedure B. Procedure C. 
Set la. | Set 1b. Set 1c. 
No. of times -- 
autoclaved. ; = : = 
. Avg. p tay ee Avg. p : Avg. pH 
Solution. eau Solution. reurlice! Solution. Senne 
ee eRe Parte: St evcrarars alatort tek Conductivity water. . 0) 88 Srotul. et 6.8 | Conductivity water. . 9.6 
EN ls fd i Conductivity water. . ONG} Broth cos a. 6.8 | Conductivity water. . Ono 
ee acaiticite Kae seen Conductivity water. . GG niBrotae. es 6.8 | Conductivity water. . 9.2 
Be ae eam te se ois ee Conductivity water. . f= Brothes one 6.8 | Conductivity water. . 9.0 
28 Se ap eet eee Brablins vai Poe tae 6:8) | Broth... GESt | PBrotliee ss, eee cee 7.0 
(Fee OUR AOS SCOUM ec Peo. e ce 6.8 | Broth oc. BES SESTOUNc os wants ee } 7.0 
TABLE 2. 
Procedure A. Procedure B. Procedure C. 
Set 2a. Set 2b. Set 2c. 
No. of times 
autoclaved. ; = 7 = ' = 
: vg. D se vg. D ‘ Avg. p 
Solution. rendine: Solution. reat Solution. reais. 
Pee a te eke Conductivity water. . GEOU Broun .ae... 6.7 | Double dist. water... Hail 
DSi eae Ao Eee Conductivity water. . SCO Brothers 6.8 | Double dist. water. .. 8.6 
9 oe Sen eee ere eee Conductivity water. . 828aleBroths. 3.2 6.8 | Double dist. water... 7.6 
21 Satis Goer s Conductivity water. . Se Sal Mbroiueerer 6.8 | Double dist. water... ta 
Ue rae ee ect BrGtieen seca foes 6.8 | Broth...... Brea eBrothe were ane oe iO, 
Bee EN Fees Brothh-.tertcsses- 628) |) Broth: 2. GaSe |MBrothtse.-yosc es 2 7.0 


Sets 2a, 2b and 2c, table 2, were hard glass test tubes run in triplicate according to procedures A. B. and C. 
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TABLE 3. 


No. of times 
autoclaved. 


Procedure A. 


Avg. pH 


Solution. auc 


Conductivity water. . 
Conductivity water. . 
Conductivity water. . 
Conductivity water. . 
Broth 


. Avg. pH 
Solution. Seeihis 
IBrothgee. a. Gnd 
Brotheccrs: 6.8 
Brothvenese 6.8 
Brotha pees 6.8 
Brothas 6.8 
Brothers 6.8 


Procedure B. 


Procedure C. 


: Avg. pH 

Solution. reading. 
Conductivity water. . 9.6 
Conductivity water. . 9.4 
Conductivity water. . 9.3 
Conductivity water. . 8.6 
Brothi.. wacscuseevee 6.8 
Brothinessaeects seine 6.8 


Sets 3a, 3b and 3e, table 3, were four ounce druggist bottles run in triplicate and treated according to procedures A. B. and C. 


TABLE 4 


No. of times 
autoclaved. 


Procedure A. 


Procedure B. 


Procedure C. 


Set 4a. Set 4b. Set 4c. 
heya Avg. pH : Avg. pH eepnne Avg. pH 
Solution. dee Solution. rennin: Solution. readin’ 


Conductivity water..|..........-- 
Conductivity water. . 
Conductivity water. . 
Conductivity water. . 


Conductivity water. . 
Conductivity water. . 
Conductivity water. . 
Conductivity water. . 
Broth 


Ow 
00 00 H= He G1 > 


Sets 4a, 4b and 4¢, table 4, were 300 cc. Erlenmeyer flasks run in triplicate and treated according to procedures A, B and C, 


TABLE 5 
Procedure A Procedure B. Procedure C. 
Set 5a. Set 5b. Set 5c. 
No. of times 
autoclaved. 5 “ : , “ nN H 
: vg. 1-9) ee vg. p a vg. p 
Solution. Sie Solution. neuen! Solution. reading. 
Diiaca greets rajeieva 6 theyre, asevs Conductivity water..|..........-- Broths 2a ec ceeet e Conductivity water. . 7.6 
Diliovsta aie wR areca. treieee é Conductivity water. . Ure || WFO Comoe 6.6 | Conductivity water. . 7 5 
aia crac iets se Oren eras Conductivity water. . (6) brothas 6.8 | Conductivity water. . 7.5 
AN FiGinsie eae eee Conductivity water: . (See Broules 6.8 | Conduc-ivity water. . 7.3 
Beets cdoshineme kamen Brothe pacers GOx8ul Brother sce 628" |9Brothyer. oe. hc 6.8 
HBr Lantos Inieearysecen Brounen ee Ge Sn Brother 6285) Brothe. 2. sceeceeree 6.8 


Sets 5a, 5b, 5c, table 5, were large Kolle flasks run in triplicate and treated according to procedures A. B. and C. 
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TABLE 6. 
Procedure A. Procedure B. Procedure C. 
Set 6a. Set 6b. Set 6c. 
No. of times 
autoclaved. A - , = fe 7 
: vg. D - vg. p A vg. D 
Solution. ain Solution. Pcie! Solution, reading 
LL SAR ee HEM ABR ne aeor Conductivity water. . ONG se Brothas s wal Necashicte stares Conductivity water. . 9.6 
Dia latate syeiareiccie ois sleists Conductivity water. . GrSn le brothee sees 6.6 | Conductivity water. . 9.4 
Deeee ee venlieae nee es Conductivity water. . Gude @Brotlinenees. 6.8 | Conductivity water. . 9.2 
A varsiicietslelete/einuteteraidiess Conductivity water. . OPSa Broth neat 6.8 | Conductivity water. . 8.9 
Desai ers ects calcio Brounen ence cn sities 6.8 | Broth...... GRSL I Brotht sec aae cans 7.0 
ear ratnicacieloteiare texas Brothas: thas ses 6.8 | Broth...... GuSit SBrothh sae! se soccteas 4.0 


Sets 6a, 6b and 6c, table 6, were Smith’s fermentation tubes run in triplicate and treated according to procedures A. B. and C. 


TABLE 7. 
Set 1. Set 2. Set 3. 

No. of times — ——— ~ See 

autoclaved. i 7 - <. " = 

ere vg. p See vg. p Ries vg. p 

Solution. reading. Solution. reading. Solution. reading. 
Dekaste vaaook Conductivity water. . 9.8 | Conductivity water. . 9.0 | Conductivity water. . 8.6 
Dr eavasrsvotes sis Conductivity water. . 9.6 | Conductivity water. . 8.9 | Conductivity water. . 8.6 
he SOGGR mae Conductivity water. . 9.6 | Conductivity water. . 8.8 } Conductivity water. . 7.4 
Darke esse evoiss Conductivity water. . 9.4 | Conductivity water. . 8.8 | Conductivity water. . 7.4 
Ga eae wei Conductivity water. . 9.4 | Conductivity water. . 8.8 | Conductivity water. . 7.4 
CRE Se reece Conductivity water. . 9.4 | Conductivity water. . 8.8 | Conductivity water. . 7.4 


Set 1, table 7, was soft glass test tubes filled with conductivity water and autoclaved for thirty minutes at 15 pounds pressure 
This procedure was repeated six times and the pH reading taken after each time autoclaved. Set 2, table 7, was hard glass test 
tubes treated the same as Set 1, table 7, while Set 4, table 7, was Erlenmeyer flasks treated the same as Set 1, table 7. All sets 
were run in triplicate. 


DISCUSSION. 


It is very evident in comparing the results of the experiments set forth in 
the preceding tables that there is a decided difference in the hydrogen-ion 
concentration of the buffered and non-buffered solutions after these solutions 
have been added to glassware and the glassware autoclaved for thirty minutes 
at fifteen pounds pressure. ‘This shows that there is alkali in the glassware 
sufficient to affect the hydrogen-ion concentration of non-buffered solutions 
to a considerable extent. It also shows that the glassware used still gives off 
some free alkali even after it has been autoclaved for several times. In the 
case of the buffered solution the effect of the alkali given off from the glass- 
ware on the hydrogen-ion concentration was negligible. In fact, the broth 
in most cases showed an acid reaction. This is entirely in accord with the 
recent findings of Foster and Randall (4) who showed that broth in the 
neutral range (6.6—7.4) undergoes but slight changes in hydrogen-ion con- 
centration. The maximum change being about 0.4 pH and in the majority 
of. cases not over 0.2 pH. The experiments also show that more alkali is 
given off from soft glassware than from hard glassware. 

Treating the glassware with cleaning solution before autoclaving with the 
buffered and non-buffered solutions had no noticeable effect on the hydrogen- 
ion concentration of either solution. In each case the hydrogen-ion concen- 
tration of the glassware that had been treated with cleaning solution and of 
glassware that had not been so treated was practically the same. In other 

23 ; 
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words, cleaning solution didn’t affect the amount of alkali given off during 
autoclaving. However, in some samples of glassware not treated with 
cleaning solution before autoclaving, it was impossible to get a pH reading, 
due to some unknown substance which destroyed the action of the indicator. 
In these cases new samples of the same glassware were obtained and the 
experiment repeated several times with the same results. Sets 4a and 4b, 
table 4; sets 5a and 5b, table 5; set 6b, table 6; and set 4, table 7. In working 
with buffered solutions as nutrient broth, nutrient gelatin, nutrient agar, etc., 
the alkali given off from glassware during autoclaving has no appreciable 
effect on the hydrogen-ion concentration but in less highly buffered solutions 
it may be sufficient to change the reaction so as to confuse results. Levy 
and Cullen (5) have found the increase in alkalinity from glass containers and 
ampules sufficient to decompose aqueous solutions of crystalline strophanthin 
in the concentration ordinarily employed in the clinic. 


SUMMARY. 


1. Glassware taken from stock, filled with a non-buffered solution as 
conductivity water and autoclaved for 80 minutes at 15 pounds pressure 
yielded enough alkali to change the reaction of the conductivity water from 
pH 7.0 to pH 9.8. 

2. The amount of alkali yielded by this same glassware was not sufficient 
to change the reaction of a buffered solution as nutrient broth. In fact the 
nutrient broth with a reaction of pH 7.0 before autoclaving had a reaction in 
some cases of pH 6.8 after autoclaving in this glassware. ; 

3. Soft glassware yields more alkali upon autoclaving than does hard 
glassware. 

4. Glassware treated with cleaning solution still gives off alkali after 
being autoclaved. In some cases the cleaning solution destroyed or neutral- 
ized substances that interfered with the action of the indicator. 

5. The practice of adding cleaning solution to new glassware before 
using is recommended. 

6. Laboratory workers should also bear in mind that when working with 
non-buffered solutions, the alkali yielded by the glassware may be sufficient 
to change the results considerably. 
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Assistant Professor Mallmann has continued in charge of the analysis of 
rural water supplies. We have taken advantage of the Quarterly to give in- 
structions relative to the collection of water samples. His report follows: 

During the past year, this laboratory has tested 106 samples of water. 
- Fifty-seven of these samples were sent in from rural districts and represented, 
in practically every case, farm wells. Fifty per cent of these samples showed 
pollution, according to the standards adopted by the U. 8. treasury depart- 
ment and were reported as unfit for domestic use. 

An effort is always made to help the farmer improve his water supply and 
in several cases, where the farmer followed our directions, the cause of the 
pollution was removed and the water made safe for domestic use. 

Beginning last year, we have required that a full history of each well, 
accompany the sample. We required this because we believed we could 
judge a sample more accurately and further, we could give more assistance 
with less correspondence. The questionnaire has been of greater value than 
we even anticipated. It has given us the opportunity to judge the water by 
considering all probable sources of pollution and thus allowing us to give more 
advise as a means of improving the supply. 

Besides testing all samples of water submitted to us, we have also kept 
close watch on the College and East Lansing water supplies. Both of these 
supplies are deep wells and have shown no signs of pollution during recent 
years. 

Examinations of the College swimming pool have been made also twice a 
week. During the fall term, a daily test was made to determine the extent 
of pollution and the best means of controllingit. A further study will be made 
this coming fall. At present the water is purified by filtration and chlorina- 
atedlime. The chlorinated lime is added at the rate of 13 pounds per million 
gallons of water twice a week. The use of chlorinated lime is not very satis- 
factory and it is recommended that a liquid chlorinator be installed. This 
form of chlorination has proved satisfactory wherever installed and the cost 
of installation is comparatively low. 

[W. A. Mallman.] 


Research Assistant Snyder has pushed the work with the nodule-forming 
bacteria with carefulness and vigor. He will have charge of the soil investi- 
gations (Adams 2c) next year and Frank Davenport (Mass. Agr. College, ’21) 
will look after the pure culture distribution. 

Dr. Snyder’s report follows: 
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DISTRIBUTION OF LEGUME CULTURES. 
July 1, 1920—July 1, 1921. 


Alt. |8.C.| R.C.|Alsk.|.F.B.| G.B.| 8.B.| F.P.| G.P| c.P.| v'iehls.P. |w.c.| x. | Total. 

FTuly Maes ae taba ee ~g36P 96] 44/13)... | Bes og) ea (ee i ee es Be 1,065 
PAIGE IRE 261" clerosnettlereratrra tea etoars 1,156) 176 68 Gar oellarrtoe hs tiene eohoe al ere ATU aeytaellaeeers last sees 1,887 
September..........0000++- ie eaten Glo. ae i eeneo a laces FF a RE GR ess 
Octoberdotogancslesjeseee: ime Di re a. cecal ha ee Labo beopscn | ease etek] camera | yatta BiU) ees leerae ol oe oan aa 
January 1 to April1........ ECR 7A Oe PAL CG Soe allganacllec oce 34 1 aera 20 | nee “9,518 
il eee eee 3,108}2,503| 865] go.....| i) 15] 14) @|.....[ 67] 3).....|..... 6,762 
rt ee oe a 1,324| 4931 145] 5] 32| git,247| 69| 3) 166/43)... 13 3,479 
pga eRe eee ieet| satvls aylh 2| eel ames raolteamel ate (Ga ea eel eee 2,390 

= 
Maitady del ek ay3 8,900/4,067/1,840] 160] 93] 10 2,058] 217] 40] 270/1,108] 4] |) 13118, 757 


Alf., alfalfa; S. C., sweet clover; R. C., red clover; Alsk., alsike clover; W. C., white clover; I’. B., field bean; G. B., garden bean; 
8. B., soy bean; F’. P., fie ‘ld pea; G. P. , garde n pea; C. P., cow pea; X, miscellaneous”. 
[Robert L. Snyder] 


I wish to take this opportunity to thank you in behalf of myself and the 
other members of the department for your unfailing courtesy and helpfulness 
during the past year. 

Respectfully, 
WARD GILTNER, 
Bacteriologist. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE BOTANICAL SECTION. 


Director R. 8. Shaw, 
Dear Director Shaw: 

I have the honor to hand you herewith the following report for the Section 
of Botany for the year closing June 30th, 1921. 

The staff has undergone no changes as compared with the close of the 
previous fiscal year. The pathological work has been under the direction of 
Dr. G. H. Coons, assisted by Ray Nelson and J. EK. Kotila. The physiological 
investigations have been carried on by Dr. R. P. Hibbard and Mr. H. C. 
Young. All of these gentlemen have cooperated with me in planning and 
carrying out the work and deserve great credit for the results obtained. 

In the plant disease wrok, progress has been made along the study of cause 
and control of certain celery diseases, viz:—a Fusarium disease of celery known 
also as Stunt and Red-heart, for which Dr. Coons and Mr. Nelson have deter- 
mined the cause and mode of spread and have made progress in developing 
a disease-resistant strain: Early Blight of celery which has been the subject 
of investigation under Dr. Coons’ direction by L. E. Tisdale, a graduate 
student. 

Mr. Nelson has been following up his ne on the breakdown of plants in 
transit and in storage. He has determined the underlying principles and is 
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working out methods of control and prevention. He has also been carrying 
on further investigations with the coniothyrium disease of cherries which 
caused serious damage in certain localities in Michigan in 1919, and which 
has proved quite destructive in many parts of the State this year, although 
practically absent in 1920. He has continued the work on Bean Mosaic and 
its manner of transmission from plant to plant, and has obtained some very 
interesting results. 

Mr. Kotila has been devoting practically all of his time to the diseases of 
potatoes, particularly those that are of importance in the Upper Peninsula. 
For this purpose he spent all of last summer, and has been since early in May 
this year at the Upper Peninsula Experiment Station at Chatham. The main 
diseases being studied by him are Black Leg, Mosaic, and Streak. In 
addition he is carrying on for Dr. Coons, experiments on control of potato scab. 
Considerable attention has been given by him also to the leaf burn of potatoes, 
of which the inducing cause is an insect, the potato leaf hopper. 

In addition to the foregoing lines of work, minor investigations and experi- 
ments have been made in connection with the smuts of grains and a good 
many other diseases of various crops. In connection with all this work co- 
operation has been had with the Plant Disease Survey of the Department of 
Agriculture, Washington. 

The physiological investigations have consisted of the following lines of 
work: 

Dr. Hibbard, employing Mr. 8. Gershberg as an assistant, has continued 
the investigations with balanced nutrient solutions, with Marquis wheat as 
the test plant, while in the field tests with various proportions of fertilizer 

salts have been made using oats to determine to what extent, if any, such 
tests will bear out the results obtained from culture solutions. 

Dr. Hibbard and Mr. Young have been cooperating with the Horticultural 
department in the fertilizer experiments in an apple orchard near Grand 
Rapids. This neglected orchard is being pruned and sprayed in the regular 
way and has been divided into portions which are given different fertilizer 
treatments. This department is cooperating in the study of the results 
by determining the relative rates of growth with the different fertilizer treat- 
ments, the assimilation and distribution of nitrogenous compounds, the man- 
ufacture and storage of starch, etc. In order to obtain results from which 
conclusions can be drawn with safety, this work must be carried on for several 
years more. 

Mr. Young has continued his research problem on the effect upon the 
physiological functions of plants of deficiencies in individual nutrients. The 
plant on which experiments have been made this past year has been the 
sugar beet. The preliminary experiments have revealed some very remark- 
able facts. The work is being continued this summer in the field. It will 
naturally be many years before the results are complete enough to draw gen- 
eral conclusions. 

Aside from consulting with members of the Botanical section upon their 
problems, I have had but little opportunity to undertake any serious investiga- 
tions. I began, however, this spring, some work upon the Orange Rust of 
raspberries and blackberries, which it will take a year or so more to bring to a 
satisfactory completion. 

Respectfully , 
K. A. BESSEY, 
Botanist. 


~ 


Hast Lansing, Michigan, June 30, 1921. 
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REPORT OF THE CHEMICAL SECTION. 


Director R. 8. Shaw: 

I submit, herewith, a brief report of the work carried on by the Chemical 
section for the year ending June 30, 1921. 

The end of the fiscal year marks the close of our administration of the 
fertilizer, feeding stuffs and insecticide control laws. The fertilizer law has 
been administered by the Chemical section, under the direction of the State 
Board of Agriculture, since its passage in 1885. During that time 34 inspec- 
tion bulletins, including the current issue, have been published. The use of 
fertilizers has increased greatly during this time and especially in the past 
ten years. Jn 1906 when the first attempt was made to obtain information 
on this point, it was estimated that the annual consumption was approxi- 
mately 20,000 tons. Last year (1920) it reached the high mark of 112,616 
tons. 

The feeding stuffs inspection has been conducted by this section since 1916 
and the results of the service that has been maintained since that time show 
a decided improvement in the quality of the feeds now being sold throughout 
the State. This is very vividly illustrated by comparing the results obtained 
on cottonseed meal for the years 1916 and 1920. 


Year ending July 1st. 1916. | 1920. 
‘No. samples iis bezier BAe eG ain eb Bis cso Soe ao odes SSA dosage. 144 
Samples deficient: in, protein= a; 04 G2 beailes. cars eee deapeck se anes peer 51.0% 4.7% 
Samiples deficient in crude fab 20 ie cmc cass ox fs oko wie peel eee eae ee 6.2% 1.0% 
Samples with excess crude ‘fiber! 4.220 Aan sae eae nate cae re oe ee ee eee 39.6% 2.3% 


The insecticide and fungicude law was passed by the Legislature in 1913. 
Although the fund provided for the prosecution of this work has been only 
$500 per year we have been able to show some valuable results especially 
in exposing and driving out of the State several worthless preparations. — 

During our administration of these control laws, only three prosecutions 
have been made. One under the fertilizer law and two under the feeding 
stuffs law. 

Much of the success of this work has been due to the efficiency of inspectors, 
A. H. Teske and E. A. Hebard. It is to be regretted that this change neces- 
sarily marks the end of their relations with this section. 

In connection with the feeding stuffs inspection, Mr. O. B. Winter ve been 
carrying on some research work in methods for detecting the ingredients of 
mixed feeds. This work is nearly complete and will be continued in order 
that the results may be published. 


HATCH FUND. 


The investigation of the ‘‘alkaline permanganate method”’ which is widely 
used in determining the quality of the nitrogen in mixed fertilizers has been 
continued and a large amount of interesting and valuable data obtained. 
The first report of this work will appear as a scientific paper in an early 
number of The Journal of Industrial and Engineering Chemistry. This 
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work is of great interest in view of the fact that there is a very strong senti- 
ment, both among consumers and manufacturers of commercial fertilizers, 
for a guaranteed statement of the available instead of total nitrogen. 

The gasometric method for the analysis of limestone, referred to in my 
last report, is being further studied with a view to making it suitable to more 
general application. This method has already been applied to the analysis 
of baking powders and considerable work has been done in collaboration with 
other analysts with the object of having it adopted as an official method in 
the analysis of baking powder by the Association of Official Agricultural 
Chemists. The results will be published in the journal of that association. 

Some cooperative work has been carried on in conjunction with the Entomo- 
logical section on the reaction of feces. The object of the work is to deter- 
mine the variation in the reaction and its relation to the control of intestinal 
parasites. 

An investigation of the relation of the reaction and carbon dioxid content 
of milk and infection with B. Abortus has been started in cooperation with 
the Bacteriological section. Promising results have been obtained, but the 
work is still too new to warrant a prediction of its value. 


ADAMS FUND. 


Project 2b—‘‘A Study of the Physical-chemical Aspects of Soil Acidity”. 
Mr. E. J. Miller has spent practically all his time on this project during the 
past year. Special attention has been paid to the fundamental nature of 
the phenomenon of adsorption and its bearing on soil acidity. One phase 
of the subject is nearing completion and results of a fundamental importance 
have been obtained. 

Project 2ba—‘‘The Organic Nitrogenous Compounds in Peat Soils”. Work 
on this project has been continued along lines previously outlined. A scien- 
tific paper reporting results of this work will appear in the current volume 
of Soil Science. 

Project 2e—‘‘A Study of the Preparation and Properties of Pure Vegetable 
Proteins”. Work on this project has been confined to preliminary studies of 
the methods for purifying the necessary reagents that are not procurable 
from manufacturers. 


MISCELLANEOUS. 


Two hundred thirty-four samples of a miscellaneous nature were analyzed 
during the year. This includes the analysis of a number of samples of stock 
tonics and conditioners not covered by the feeding stuffs law. Several flour 
mills were inspected during the year for the purpose of securing typical and 
reliable samples of wheat mill offals, that is, bran and middlings. This was 
done in cooperation with the Association of Feed Control Officials, the object 
being the establishment of chemical standards for the wheat by-products. 

In conclusion, I wish to call your attention to the fact that all of the members 
of this section are now free to devote their entire time to research problems, — 
and we stand ready and willing to cooperate with other sections of the Experi- 
ment Station on problems that require chemical control. We feel very 
strongly that all chemical problems should be referred to the Chemical section 
and we urge your support to this end. 

Respectfully, 
ANDREW J. PATTEN, . 
Chemist. 
East Lansing, Michigan, June 30, 1921. 
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REPORT OF THE DAIRY SECTION. 


Director R. 8. Shaw, 
Dear Sir: , 

The investigations in the cost of milk production were continued by 
Mr. Riddell, Mr. Kurtz and Mr. Howland until March Ist, 1921, when this 
work was transferred to the Department of Farm Management. 

The studies in the distribution of milk in cities has been continued and a 
report has been completed giving the results obtained from surveys made 
by Mr. Stanley J. Brownell in the cities of Lansing, Kalamazoo and Flint. 

One other project has been continued by Mr. J. E. Burnett which has to 
do with a trial in raising calves by use of self feeders. The results are very 
encouraging and the project will be enlarged and continued during the coming 
year. 

Respectfully submitted, 
O. E. REED, 
Dairy Husbandman. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF SECTION OF ENTOMOLOGY. 


Director R. 8. Shaw, 

East Lansing, Michigan. 
Dear Sir: 

Following is a brief report of the work of the Section of Entomology for the 
year ending June 30, 1921. 

The present year has witnessed no change in the personnel of the Section 
of Entomology. During the latter part of the summer of 1920, the writer took 
advantage of a leave of absence to visit the South on a collecting trip, and 
during the period of three months absence the affairs of the section were 
ably administered by Professor E. I. McDaniel, Research Assistant in this 
section. 

The animal house is now nearly completed and is in constant use both 
for the housing of animals under observation and because of the laboratory 
facilities which it offers. The building was designed and is used wholly to 
facilitate studies in the biology and control of parasites of food animals, 
and in this field considerable progress has been made. 

The work on the ox-bot is being continued this summer and quite a bit of 
evidence has been collected and will be checked up later with further experi- 
ments. 

The studies in intestinal parasites have been prosecuted with diligence 
and many facts dealing with the microscopic organisms producing disease, and 
also with the control of these organisms have been established. 

Dr. Chandler is at present carrying on some interesting tests in the disin- 
fection of poultry yards for the control of gapes in poultry, and for intestinal 
parasites. 
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Grape-berry moth.—For several years increasingly insistant complaints 
have been coming in, accusing the grape-berry moth of causing serious losses, 
and in response to this demand a special effort was made to determine some 
more effective method of control or at least to time the customary sprays, 
so as to obtain the highest efficiency. In cooperation with County Agent 
W. C. Eckard, and with the aid of Mr. Hain of this section and Mr. T. 
A. Farrand of the Section of Horticulture, a good deal of publicity was 
given the matter and quite a measure of success seems to have resulted, at 
least so far as the first generation of moths goes. 


Grape leaf-hopper.—Following the crusade against the grape-berry moth, 
in the same part of the State there appeared a wide-spread and serious out- 
break of leaf-hoppers, T'yphlocyba tricincta, and at the present moment the 
grape growers are just finishing with their spraying in an attempt to gain 
control over this pest. The proper timing of this spray is important as well, 
since it is almost useless to apply the spray after the hoppers attain wings 
and also almost impossible to kill the eggs, so that the time for optimum 
results is just before the first nymphs attain their wings, which time will be 
before all the eggs have hatched. For this purpose a combination of Bordeaux 
and black-leaf forty with soap, seems to be most effective. 


Pear psylla.—Late in the winter it became apparent that the pear psylla* 
which had for several seasons been getting worse and worse was going to be 
more troublesome than ever before. This condition had arisen because of 
the open winter during which the psyllas had spread all over the farms, in 
orchards and elsewhere. It was apparent that no spraying operations would 
be effective if applied against the adult insects since they were scattered so 
widely, but it was reasoned that the eggs would all be laid on the pear trees 
themselves and that an egg spray would be especially desirable if such a thing 
existed. At this time Mr. Dutton of the Department of Horticulture brought 
in a supply of adult psyllas which were induced to lay their eggs on pear 
twigs in our cages. These twigs were subsequently treated with several spray- 
ing materials and the effects noted during the winter time. Finally lime-sul- 
phur was selected as being the most promising of all the sprays and it was 
recommended that lime-sulphur, one to seven, be applied just as the blossom 
buds separate into clusters in the standard varieties. This was accordingly 
done in a number of cases, through the agency of Mr. Dutton, and apparently 
with good results, although in many cases Kiefer buds were killed, being at 
that time too far along for a spray of such a drastic nature. However, the 
death of the buds in this one variety seems to be less of an evil than the 
almost certain loss of the crop and possibly of the trees if no chances were 
taken and no spray applied. 


Fruit tree leaf-roller —An insect considered as a serious pest in the West and 
one that has been claiming some attention in Michigan lately, in a few locali- 
ties, is the fruit tree leaf-roller, Archips argyrospila. In certain orchards near 
Muir it has been almost impossible to protect the trees. An attempt was 
made this year to kill the eggs of this pest by a spray of scalecide put on early, 
just before hatching. The owner was advised to use it at the rate of one part 
of scalecide to twelve and one-half of water. The spray was applied at the 
time when the leaf buds burst and with pretty fair success, since the number 
of living worms was very much reduced over those of previous years. In this 
case as in others, egg-masses were collected in the winter and treated in cages 
here in our insectary, with the various washes which seemed most promising 
and then the one giving best results was selected for treatment. 
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San Jose scale——Counts were made for the Department of Horticulture of 
living scales in their test of various sprays against the San Jose scale carried 
on at South Haven. This involves the examination of the insect under the 
scale, and the determination of its condition in samples taken before the 
est is applied and likewise the examination of several thousand individuals 
after the tests have been made and time allowed for the death of the insect. 
A process demanding much time and very close observation in each case. 


The potato leaf-hopper—The summer of 1920 gave us an opportunity to 
gain more confidence in the efficacy of Bordeaux mixture in the prevention of 
hopper-burn of potatoes. The Bordeaux acts in no wise as a killing agent 
but seems to be the best repellent we have tried thus far. I believe that Dr. 
G. H. Coons, our plant pathologist, agrees with us in taking this view. Fur- 
thermore, the addition of black leaf forty seems to fortify the Bordeaux and 
to kill outright those immature hoppers that are hit by the spray at the time 
of application, although the general use of black-leaf forty in a crop like pota- 
toes still remains to be justified by a proportionate money return. 


Grasshoppers.—In the northern half of the lower peninsula and in parts of 
the upper peninsula, continued all through the summer of 1920 to do serious 
damage. The use of saw-dust bait seems to be effective and to furnish the | 
greatest benefit for a dollar of any treatment although the bait needs to be 
prepared according to formula. The substitution of coarse crude poison or 
of arsenate of lead for the white arsenic is bound to result in disappointment; 
likewise it is easy to use an over supply of salt, which results in failure since 
the grasshoppers may get salt enough to satisfy their cravings without getting 
sufficient of the poison. Last year much difficulty was experienced in getting 


sufficient poison for the work, owing to a shortage at the time of application ~_ 


and many regions were ill supplied. The price of white arsenic also was high, 
unless purchased in mid-winter. However, the outlook at present is much 
brighter since blister-beetles whose larve feed on the eggs of grasshoppers are 
appearing in goodly numbers in the regions that have suffered the longest 
and the Legislature of 1921 has generously appropriated the sum of forty 
thousand dollars for the purpose of refunding to the counties and townships 
half of the sums used in the purchase and delivery of the poisoned bait. It 
remains now for our county agents and extension. experts to educate the 
farmers in the use of the bait. 


Codling moth.—During the summer of 1920 an experiment was started 
looking to the more exact timing of the August spray for the second generation 
of codling-moth. Cages were established in twelve different stations in 
various parts of the State and wormy apples collected early in the season were 
placed therein. The time of the emergence of the adult moths from these 
cages was noted, both at East Lansing and by the several observers in whose 
charge they were placed, and the time of spraying to catch the main body 
of the second generation thus fixed. Furthermore, the time for all parts of 
the State was computed so far as in our power, by means of isophanes or lines 
connecting equal events in the State. 

These isophanes were corrected so far as our knowledge made possible for 
_ elevation and we hope in time to correct for the presence of large bodies of 
water and for soil conditions, together with other disturbing factors. How- 


Isophanes computed by Dr. A. D. Hopkins of the National Bureau of Entomology on a 
basis of twenty-five years of observation over the entire United States. 


- EXPERIMENT STATION REPORTS. 187 


ever, the dates obtained last summer by this method seemed to be fairly cor- 
rect and the attempt is being repeated along the same lines this year. The 
following deserve the gratitude and thanks of all concerned because of the 
work and care made necessary by their voluntarily acting as observers: 
Mr. Stanley Johnston, South Haven Experiment Station, Van Buren County; 
Mr. J. O. Hain, Cassopolis, Cass County; Miss Addie Sly, Birmingham, 
Oakland County; Mr. Minard E. Farley, Albion, Calhoun County; Mr. L. H. 
Kirkland, Erie, Monroe County; Mr. W. A. Chapman, Bangor, Van Buren 
County; Dr. Huston, Traverse City, Grand Traverse County; Mr. Frank 
Smith, Hart, Oceana County; Dr. F. L. Simanton, St. Joseph, Berrien County; 
Mr. Don Hootman, Graham Experiment Station, Grand Rapids, Kent 
County; Mr. Walter Wightman, Fennville, Allegan County; Mr. Edward 
Lyman, Kibbie, Van Buren County; Entomology department, East Lansing, 
Michigan. 


Borer repellant.—For about a century now, fruit growers and entomologists 
have been in search of something that will repel borers and protect fruit trees 
more especially, but really all trees as well. Thus far, results have been 
disappointing but the object to be finally attained warrants the expenditure 
of much effort even if most of it is wasted. During the season of 1920 a test 
was made of a new mixture with a hundred or so trees, and during that time 
our coating seems to have afforded quite a measure of protection. The 
present season seems to promise equally good results and we are hoping to 
at least produce something that will protect young orchards from the dreaded 
flatheaded apple-tree borer. 


Greenhouse pests.—The direct control of greenhouse pests has progressed 
somewhat during the season. Quite a bit of effort has been expended on 
Aleyrodes and on some of the scale insects with a measure of success. 


Household insects—The work on these pests has been practically at a stand 
still during the present season. Not for lack of effort but because measures 
from which we had hoped much, seem to be inadequate. I refer to the control 
of clothes-moths and carpet-beetles. 


Mill insects—Heat treatments were carried on wherever opportunity 
offered and usually with gratifying results. 


Canker worms.—For two seasons the canker worm has played havoe with 
our apple orchards especially in the eastern part of the State. Many of the 
smaller orchards, whose owners are not primarily interested in apples, are | 
being killed out owing to delay in spraying or failure to spray at all. 

An enemy of blue spruce, Olethrentes abietana has recently been received 
from Ludington, Michigan, where the small caterpillars are devouring the 
leaves. 

It is difficult to control owing to the close webbing of the twigs inside of 
which webbed masses the caterpillars feed. The difficulty seems to be that 
of reaching the creatures with arsenate of lead rather than anything else. 

Respectfully submitted, 
Ee PEEL, 
Entomologist. 
Kast Lansing, Michigan, June 30, 1921. 
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REPORT OF THE FARM MANAGEMENT SECTION. 


Director R. 5. Shaw, 


Dear Director Shaw: 

During the year the Farm Management section was organized and it 
was arranged to carry on certain work in the Experiment Station. 

Mr. F. T. Riddell, who has been working in the Dairy department on the 
cost of milk production was transferred to the new department. Also ap- 
propriations where made by the State Board of Agriculture to support five 
route men. These route men visit each of twenty-five farmers once each 
month and weigh feed and milk and assist the farmer in taking an inventory 
and keeping his accounts. From this data accurate material on farm manage- 
ment is being secured. Work is being carried out on one hundred farms. 
One route is located in Lenawee county and is made up of farmers who are 
engaged in the feeding of steers and lambs; another route is located in Wayne 
and Lenawee counties and is made up of farmers who are selling whole milk 
in the Detroit market; still another is made up of farmers in Jackson and 
Shiawassee counties and the fourth route is made up of farmers in the potato 
growing section of the State, and contains only farms on which at least five 
acres of potatoes are being grown. ‘These farms are about equally divided 
between Montcalm, Antrim and Emmet counties. 

Very truly yours, 
H. M. ELIOT, 
Professor of Farm Management. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE FORESTRY SECTION. 


R. 8S. Shaw, Director, 
Dear Director Shaw: 

I herewith submit a brief report of the work of the Section of Forestry for 
the year ending June 30, 1921. 

The study of the rate of growth in diameter, height and volume of forest 
plantations which we have been carrying on for the last two years was finished 
and the report was completed during the year. 

The experimental work on sap flow in the College sugar bush was continued 
and careful records were kept of the costs and of the amount of fuel used per 
gallon of syrup. The results of this work have been published from time to 
time in the Experiment Station Quarterly. 

We now have five years’ data on the experimental basket willow plantation 
at Spring Lake. Last year the profit from this plantation was excellent but 
this year owing to the stagnation of the furniture market, they were unable 
to sell the rods. It is possible, however, that the rods may be stored and sold 
next year. The plantation has shown a steady increase in net profit since 
the second year and with ordinarily good market for the rods it should prove a 
success. 
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Last summer we started a study of natural reproduction of hardwoods on 
cut-over lands in the northern part of the State. A number of sample plots 
were established on burned-over land under various conditions and it is 
hoped to continue this work next year, at the same time remeasuring the 
plots that were put in last summer. 

A number of minor projects were also carried on during the year, such as 
studies of methods of preventing the damping off of coniferous seedlings in 
the first year seed beds, the tolerance of hemlock transplants with a view to 
their use for underplanting hardwood stands, and studies of the control of 
the form of trees. The work has progressed very satisfactorily. 

Respectfully submitted, 
A. K. CHITTENDEN, 
Forester. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE FARM CROPS SECTION. 


Director R. 8. Shaw, 

Fast Lansing, Michigan. 
Dear Director Shaw: 

The placing of more land at the disposal of this section has enabled us to 
undertake many new projects and to increase the size of fields, planted to new 
and improved crops varieties, for increase purposes. 

The varietal testing and improvement work under the direction of Professor 
I’. A. Spragg, assisted by Mr. E. E. Down, has made great advancement. In 
addition to the great range of crops previously handled, improvement work 
with potatoes and wax beans has been undertaken. 

Professor Spragg’s accompanying letter reports the progress in plant breed- 
ing work in detail. 

The comparative test of short season hay crops, such as millets, sudan grass, 
soybeans, sorghum, etc., isin its third year and sufficient data will be available 
for the issuance of the Experiment Station publication after the coming year’s 
results are determined. Professor C. R. Megce is in direct charge of this 
experiment, also the work with soybeans. 

In cooperation with Dr. R. 8. Snyder of the Bacteriology department, 
Professor Megee carried on a demonstration of effective inoculation of soy- 
beans with proper culture. At this time the half of the field of one and one- 
half acres, which was inoculated, carries a vigorous growth of soys, deep 
green in color. The other half of the field is of a light yellow color and shows 
much less vigorous growth. 

The tests of alfalfa and clover varieties were greatly enlarged by an arrange- 
ment with Mr. J. W. Nicolson of the Farm Bureau Seed department, who fur- 
nished samples of the numerous alfalfa varieties purchased in the west by the 
seed department of the Farm Bureau for distribution in Michigan. 

Dr. A. J. Pieters, in charge of clover investigations of the U.S. D. A., also 
furnished us with numerous samples of foreign and native grown alfalfas and 
clovers. 

An increase of five and one-half acres of Hubam clover was planted for seed 
purposes, and an extensive experiment begun in order to test the value of 
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Hubam for forage, green manuring, and pasture purposes. A thick seeding 
has resulted naturally from seed which shattered from the Hubam erop har-’ 
vested in the fall of 1921 for seed. Apparently this annual sweet clover will 
prove of value in the improvement of light and infertile soil and as a pasture 
and hay crop. 

By arrangement with Mr. Ralph Hudson of the Farm and Horse department, 
large fields of fromtento fifteen acres, were planted to selected Duncan, Golden, 
Glow, and Duncan-Golden Glow cross corn. These fields were all well isola- 
ted and will furnish several hundred bushels of each variety of highly im- 
proved seed for distribution from the College. The seed used in planting these 
fields was secured by careful selection from small increase fields planted 
from the best strains of the 1919 ear row work. 

Mr. J. R. Duncan is handling the ear-row work and corn varietal tests in 
the field. Mr. Duncan is also associating with Mr. J. G. Willier of the United 
States Department of Agriculture on popcorn improvement work. 

Over-state varietal tests, which are being planted by Mr. Duane Rainey, 
have furnished objectives of many field trips planned by county agents. 
Valuable information has been secured regarding the comparative yields of 
varieties and adaptation of crops. This work includes the following tests 
well distributed over the State: wheat, oats, barley, rye, corn, soybeans, 
alfalfa, millets. 

The members of the Farm. Crops section appreciate the aid of repre- 
sentatives of the following Experiment Station sections and the United 
States Department of Agriculture, county agents and farmers in the field: 

Mr. Ralph Hudson of the Farm and Horse department has greatly facilitated 
our work by interchanging labor and by aiding us when work in the field was 
pressing. Mr. Hudson has entered upon arrangements which have made 
possible the increase of superior varieties in a large way on the Station farm. 

Professor H. H. Musselman of the Farm Mechanics section has rendered 
us great service by joining us in a cooperative arrangement, which provides 
ample tractor power and equipment for our field work, threshing operations, 
etc. 

Professor O. E. Reed of the Dairy section is cooperating in determining 
the value of sweet clover and the new Hubam by pasturing off allotted areas, 
and feeding hay taken at different periods to dairy stock under test. 

Director R. J. Baldwin has made cooperative arrangements which have 
made possible the planting of crop experiments at widely distributed points 
over the State. This type of work is of the greatest importance in deter- 
mining crop adaptations. 

Dr. E. A. Bessey and Dr. G. H. Coons of the Botany section are fur- 
nishing careful disease inspection of bean and potato varieties. 

Mr. Robert L. Davis of the United States Department of Agriculture, De- 
partment of Fiber Investigations, has extended his testing work with fiber 
flax strains and planted unusually large increases of superior strains. His 
work occupies approximately five acres of the land allotted to this section. 

Mr. J. G. Willier of the U. 8. D. A., Office of Cereal Investigations, has 
contributed many varieties for our popcorn varietal tests and is cooperating 
in popcorn improvement work. 

Mr. Wilbur Brotherton of the U.S. D. A., Bureau of Plant Industry, bas 
planted extensive varietal tests of beans from native and foreign sources. 

Dr. A. J. Pieters of the U.S. D. A., in charge of clover investigations, has 
furnished us valuable help in providing foreign grown clover and alfalfa seed 
for our tests. 
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Mr. H. N. Vinall of the U. 8. D. A. is actively cooperating in the work 
with field peas and has furnished many varieties for planting at this Station 
and at the Chatham sub-station. 

I particularly desire to express the great appreciation felt by all members 
of this section for the support and guidance extended to us by the Director, 
the President and the State Board of Agriculture. 

Yours very truly, 
clea LOOX. 
Professor of Farm Crops. 


Professor J. F. Cox, Michigan Agricultural College, 

East Lansing, Michigan. 

Dear Sir: 

The following is a brief report of the plant breeding work for the year ending 
June 30th, 1921. To save space, a list of the plant breeding projects for the 
year are checked off in a table. It has seemed best to include brief outlines 
of past results and future plans. The results of one year, when isolated from 
the results of other years and from future possibilities, mean little to anyone. 


PLANT BREEDING PROJECTS 1921. 
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The principal part of the alfalfa work is a nursery containing 10,400 indi- 
vidual plants, with which individual hay and seed records are being kept on 
each individual plant. This work has been running since 1906, and has 
resulted in the entire elimination of the old fashioned type, having a single 
tap root and a crown that branches above the surface of the ground. ‘This 
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latter type has not been selected against as such, but has proven to be unhardy 
as well as having poor producing plants. The highest yielders of hay and 
seed from the best producing progenies have become the mothers of the next 
generation. ‘Those that have survived the test, being hardy and productive, 
are all low crowned plants, branching below the surface of the ground. They 
also have a br anching root system. 

Visitors often ask, ‘““‘What variety of alfalfa does the test show to be best?” 
This is a hard question, because the nursery shows as much difference among 
the various strains within a variety as it does among varieties. One strain of 
Grimm, for instance, may easily yield twice as much as another strain of 
Grimm. It may grow twice as tall, and be very much more resistant to leaf 
spot, a disease that turns the crop yellow. The fact is that all of the hardy 
productive types have originated in crosses between yellow flowered Siberian 
alfalfa and purple flowered southern types. 

As seed has been distributed from this alfalfa breeding work, the problem 
now is to develop a Michigan seed industry. <A start is being made in that 
direction, with Hardigan alfalfa. 

As the results with spring barley have never been satisfactorily reported, 
and as a new barley varietal series has just completed a three year period, it 
seems proper to give this work a little more than a passing notice. The 
historical portion of Circular No. 32 (printed in 1916) outlines the first ten years 
of work with spring barley, and summarizes them with the statement that 
“the best spring barley that this investigation has been able to find is produc- 
ing less feed (pounds of grain) per acre than the high grade varieties of oats’’. 
This is compared with the Alexander, Worthy, College Success and College 
Wonder oats, that had then been introduced as new commercial varieties from 
the breeding work of the Michigan Agricultural College. 

Be this as it may, there is a demand for barley for certain feeding operations, 
where oats are considered unsatisfactory. Thus, in 1918 these investigations 
introduced two new varieties of barley. These are the Mich-two-row (No. 
02708) and Michigan Black Barbless (No. 31604). They originated in indi- 
vidually selected plants of 1910 and 1913 respectively, and have proven to be 
successful commercial varieties. 

The earlier varietal testing work (up to and including 1916), located a 
number of promising varieties that needed purification. These were placed 
in selection plats in 1917, where the individual seeds were planted five inches 
apart each way. ‘The selected plants became mothers of plant-rows.in 1918. 
This series included forty-eight new strains and the checks [a standard 
variety planted every fourth row] making the series sixty-five plant-rows. 
Those that compared favorably with the checks were retained and entered 
the varietal series April 5, 1919. Fortunately this was gotten in early, as 
protracted rains prevented the planting of any more grains until May first, 
resulting in failure for the late planted series, The results of this series 
during the years 1919 and 1921 follows:— 
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BARLEY VARIETAL SERIES 1918-1921. 


Yields are expressed as per cents of Michigan-Two-Row—Each result is the average of duplicates. 


- No. ere Bus. 
Strain. Variety. aioe || HID: 1920. 1921. | Ave. %. per acre. 
f2228 | Crawtord (barbed) .::..:...% 22... 2 | 101.89 99.08 | 106.83 | 102.60 41.9 
02708 | Michigan-two-row............... 2 | 100 100 | 100 100 40.8 
7221 Grawiord(FOuUgD YE S.4 a0. 5 ce ate er ars 2 76.76 97.82 | 107.85 94.14 38.4 
7211 Dwedisnlcoldens crn e ce. ce a oars 2 99.30 | 100 55 78.17 92.67 37.8 
Meco alerawlord (barbed)...s6.c0 ccs .n sae 2 91.89 95.97 87.40 91.75 37.4 
e22090! GCrawtOrd: (TOURT) ies on «oe cas cles 2 89.46 | 101.11 83.08 91.22 37.2 
eA calmowemish: POldeRs sc ae co cte.cc icici ee 2 80.95 99.67 88.18 89.60 36.6 
ies | WEES DUD Ye chine icy: sic: scevsan aren tel aces 6 97.37 88.76 80.32 88.82 36.2 
SA OM ATIOTCOLOW Ms -colete cree fy riavsete chaste 2 72.09 97 .30 94.31 87.90 35.9 
ered CO TAWMONG che co Ace. so bs pera clelere els Z 72.97 | 101.44 84.52 86.31 35.2 
ea Se WASCOTSIM INOS Oh. ciate a class crate a Noe 6 ie é6 99.88 84.63 85.22 34.8 
AZAD OEP WISCONSITYS IN Ox Glerst..ccsee acs sche et 6 83.02 83 .92 86.10 84.35 34.4 
eZ OMS WeGish SOlGEM= onic co c,ce eo ole ene 2 71.19 99.55 78.06 82.93 33.8 
2tao i WASCODSIM, NO. O-) oc oo keno. 6 82.14 80.60 84.87 82.54 SBie rs 
hea de WV ISCONSID INO. Do so2.c.<, cate awe Oe ac 6 75.41 90.73 81.15 82.43 33.6 
31604 | Michigan-black barbless.......... 6.) 475.65 |) “#8036 88.21 81.40 33.2 
PONS OM IVUATIS DULY ctorsy sc ec cyeiescsnvcissoteWohe.s 6 78.82 89.30 73.93 80.68 32.9 
fzADoL |) WASCONSING, NOMO's oer. octets ce cse.s 2 66.07 80.12 94.37 80.19 Soak 
M2AOTSa le WEADSDUTY. cys ners wore etute el sova.seerare 6 72.18 80.54 77.53 76.68 31.3 
ir pd AVUATISI ITY: fe evs. stois ey stereiieils, sees evs (ore 6 65.14 78.12 TIBIA(UE Till 29.4 


*These two résults were obtained in the years 1917 and 1918. This variety was not in the 1919 series 
and the seed did not germinate well in 1920. 


Two of these strains have become commercial since 1918. The results 
show that the check (Michigan-two-row) has found only one worthy competi- 
tor and this is a strain picked out of a variety (Crawford) that varied consid- 
erably in yielding power. On the other hand the Michigan Black Barbless 
has not proven to be a good yielder in these tests, but farmers like it because 
it is smooth awned. The Crawford has two strains with awns that are not 
sharply barbed, being considered simply rough awned. These are No. 72213 
and No. 72209. Allother strains in this test have barbed awns. It is noted 
that more than half of the above varieties and all of the highest yielders are 
two-rowed barleys. 

The future interest in barley breeding seems to center around a cross be- 
tween the Michigan-two-row and Michigan Black Barbless. This cross was 
made in 1916, and since that time has been running in the progeny selection 
plats. The result is that a number of white smooth awned types have been 
obtained. Some of them are two-rowed and some of them six-rowed. As 
soon as they can be increased they will be placed in varietal series. Ifa good 
yielder can be found among them it will be increased. Such a barley will 
easily take preference above all barbed barleys. 

A bean bulletin is at the printer’s and will be in the hands of growers before 
this report is printed. It reviews the bean breeding work to date. The 
results show that the old strains of Robust now in the hands of growers have, 
as a rule, been so badly mixed that many of them are no more productive 
than the common varieties. 

A new strain of Robust (No. 40520) will be introduced under the name of 
the Improved Michigan Robust in 1922. It is now being increased for that 
purpose. The results show that it yields one and @ half times as many beans 
as the Early Wonder, on an average of three years’ tests at the Michigan Agri- 
cultural College. 

The future of the bean breeding work seems to center around varieties that 
are resistant to anthracnose and blight. The former type of resistance is 
coming from a cross made in 1916, and the Improved Michigan Robust is 
considerably resistant to blight, enabling it to retain a much larger portion 
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of its leaves than other varieties. No doubt selection work within this new 
variety will gain still greater resistance. A great aid to selection w6uld come 
if the plat to be selected can be sprayed with the blight organism at frequent 
intervals. The plants that survive such an epidemic could be increased and 
subjected to the same treatment again. By this means the indications are 
that great resistance may be hoped for. ‘This work is under way. 

The clover work indicates that the ordinary red or June clover has little to 
recommend it in a breeding way and probably will be replaced ijn time by other 
types. Alfalfa has crowded out red clover in the west, whereas twenty years 
ago it was in the experimental stage, just as it is now in Michigan. 

The work with Hubam clover enabled the Michigan station to. distribute 
42 bushels of seed during the past winter and spring. Most of this is being 
grown for seed. 

There is a type of Hubam that survives the winter. It is not the ordinary 
biennial, as it ripens its seed almost all at once. Some of these plants were 
transplanted from the general field this spring. That field was known not 
to have any biennial sweet clover. It is therefore known that the mother and 
grandmother of these plants produced seed in their first year, and it is thought 
that these plants did. If a type of sweet clover can be developed that will 
produce seed and survive, that is more than the old fashioned biennial ever 
did. Seed will be saved from these plants individually and a nursery set out 
in 1922 to determine these points and produce such strains if possible. : 

There is a demand for breeding work with crimson clover. Two types of 
work have been suggested. One is to develop a summer annual and the other 
a hardy winter annual. A beginning has been made with this work in 1921. 

The corn work is continuing much as has been reported. It is evident that 
progress in ear-row breeding work requires that the ears (going into the test) 
be selfed. ‘Then it is easy to fix types. Those showing a recessive character 
will breed true in the future, and among those that show dominant char- 
acters the ear-row test will enable the breeder to locate the homozygote. 
Remnants are always saved and returned to for increases. Wherever possible 
strains that breed true to definite characters are crossed by inter-rowing and 
detasseling. The purpose is to return any vigor that may have been lost 
through selfing. Then if the cross can be increased and selected one year, 
before selfing is again undertaken, recombinations of characters enables the 
breeder to obtain more nearly what he desires for ear-row work again. 

The hemp breeding work is continuing through the cross made in 1920, 
between two strains of hemp that had been separately selected for three 
years. One of these was very early but not a good type. The other was a 
good type but very late. The selections are being made so as to include 
quality and earliness. 

The oat work has produced five new high producing varieties. During the 
past three years, the oat varietal series has been discontinued, to allow space 
for the barley varietal series. During the interval a new set of individual . 
plant selections have been increased and placed in a new yield series in 1921. 
The space available for the testing of spring grains will not allow a large 
varietal series of both barley and oats at the same time, but in addition to a 
yield series with one of these grains the selection plats can be maintained for 
both types of grain. 

Potato breeding is being taken up by the Farm Crop section at Michigan 
Agricultural College for the first time. It has been under way at the Upper 
Peninsula Station during the past two years. The first work is disease free- 
ing. The inspection forces of Minnesota, Wisconsin, Michigan and New 
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York, have very kindly cooperated in the finding of the best growers of the 
most promising varieties. Approximately sixty selected half-pound tubers 
were obtained from seventy-six sources and small quantities came from 
twenty other sources. These lots were reselected at East Lansing to obtain 
the best for planting. After treating and drying, each potato was cut into 
four pieces at planting time. These four pieces were planted in adjacent 
hills, called tuber-units. 

The potato improvement work at Chatham and East Lansing is cooperative 
with the members of the Department of Botany, who take care of the dis- 
ease phases of the work. They treat the tubers before planting, pull out all 
the tuber-units that develop constitutional diseases, and attend to the spray- 
ing. The year of 1921 is considered a quarantine year, during which time 
all disease types are to be rogued out. Tuber-units will be selected at har- 
vest, to continue in plant rows for 1922. The checks in that series will be 
a tuber line selected and increased at Chatham. 

During the following three years, the plans are to pool the selected strains 
from the two Stations and grow duplicate varietal series at the two Stations. 
Then the best ones will be ready for increase and distribution. 

During this time the plan is to make crosses between promising strains 
and compare the new seedling lines for disease resistance and good production 
of potatoes with desirable quality. 

The new rye bulletin, that is now at the printer’s, gives a good outline of 
results with Rosen rye. A varietal series will be planted in the fall of 1921. 
This series will include the most highly recommended varieties throughout 
the country, together withthe strains of Rosen rye inthe hands of the Michigan 
Crop Improvement Association. Also it is planned to plant a series of 
spring ryes in the spring of 1922. 

Rod-row series will include samples from all the growers receiving inspec- 
tion in 1921, in addition to about a hundred lots coming from individually 
selfed heads and plants collected in 1919 and 1920. These lots were caged 
in a wheat series in 1921. The purpose is to plant a portion of the seed 
and save aremnant. The results will indicate the more desirable remnants 
to be used in future rye breeding work. 

The work with sugar beets is considerably increased in 1921. The most 
highly recommended lots of seed in this country and Europe have been 
obtained to place in a varietal series. The selfed seed of 1920 entered progeny 
rows in 1921 and other beets are isolated for selfing purposes. 

The other lines of work are indicated in the table and most of them are 
continuing much as usual. The wheat work is becoming so extensive as to 
over-crowd the space allotted to it. The new varietal series, started in the 
fall of 1919, was so badly drowned in the spring of 1920 as to make the results 
undesirable. <A good set of results are obtained in 1921, but this series should 
run two more years to give desirable averages. Meanwhile new lots coming 
up through the smaller series and plant-rows demand space. Some new 
wheats will be increased during the next year. 

Respectfully submitted, 
F. A. SPRAGG, 
Plant Breeder. 
East Lansing, Michigan, June 30, 1921. 
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REPORT OF THE FARM MECHANICS SECTION. 


Director R. 8S. Shaw, 


Dear Sir: 

Following is a report of the experimental and investigational work of the 
Farm Mechanics section for the year 1920-21. 

The nature of the over-state investigational work which is a part of the pro- 
gram of this section, has been found difficult to carry out. The men who are 
on part time on the Experiment Station pay-rolls find their time limited for 
field work. While this is true on account of teaching schedule, I feel that 
greater practical returns can be had from this line of effort than from many 
laboratory experiments which we might make. 


DRAINAGE AND DEVELOPMENT WORK. 


In experimental work in drainage there is splendid opportunity to make a 
study of performance of drains on the systems installed under the supervision 
of the extension specialist in drainage in St. Clair county. <A contract is 
practically closed with the Department of Rural Engineering, United States 
Department of Agriculture, whereby cooperative studies will be made in 
drainage. Some’ experimental work in the Upper Peninsula should also be 
done on the performance of tile drains in their particular soils and climate. 

In view of the work on land clearing which is being started in the Upper 
Peninsula, some figures should be kept on the essential features and cost of 
land clearing. It is not felt that an exhaustive study of costs would be 
profitable because of the widely varying factors entering into individual 
problems. 

FARM BUILDINGS AND CONVENIENCES. 


A study of potato warehouses for cooperative associations has been made 
and plans and specifications drawn. Many new building plans have been 
developed although the work has been delayed through lack of a draftsman. 
An exhaustive bulletin on farm barns is nearing completion. As indicated 
by correspondence the interest in the septic tank for farm use is increasing, 
and plans have recently been developed for a septic tank suitable for summer 
camps, resorts and county fairs. In cooperation with the Farm Management 
department surveys will be made the coming year on approximately 100 farms 
of the farm house, farm kitchen, and farm conveniences. 


TRACTORS AND POWER MACHINERY. 


Investigational work has been in progress during the past year with a 
view to determining the cost of the various farm tractor operations. For 
cooperation in this work we are largely indebted to Professor Eliot and Mr. 
Riddell. Plans are now under way for the testing of oil engines, particularly 
those engines using the heavier fuels such as kerosene, distillate and fuel oils. 

In farm machinery, emphasis has been placed on trying out the new ma- 
chines and new features on machines coming on the market. 

Yours respectfully, 
H. H. MUSSELMAN, 
Professor of Farm Mechanics. 
East Lansing, Michigan, June 30, 1921. 
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REPORT OF THE HORTICULTURAL SECTION. 


To Director R. 8. Shaw, 
East Lansing, Michigan. 


Dear Sir: 

The past year was characterized by quite an expansion in the experimental 
work in horticulture which has been facilitated by the services of Dr. N. L. 
Partridge who joined the department, September 1, 1921, and by Mr. R. E. 
Marshall who began his services, September 15, 1921, and who is giving part 
time to experimental work; also by the greater facilities afforded by the acqui- 
sition of the Graham Horticultural Experiment Station property. 

The fundamental problem in Michigan horticulture today is that of in- 
creasing the production and quality of our bearing orchards and vineyards. 
It is rather a problem of increasing the production of the present acreage than 
of promoting increased plantings. With this idea in mind this department is 
concerned largely in experimental work that will lead to the production of 
larger and better crops of fruit from present plantings. Spraying, pruning, 
fertilizing and plant selection are lines of particular importance from this 
standpoint. 

During the past year the College has rented on a five year contract, five acres 
of a vineyard on the farm of Mr. Carl Buskirk, Paw Paw, Michigan, for 
experimental work in fertilizing and pruning grapes. This project was 
requested by the Horticultural Experimental Committee of the State Horti- 
cultural Society, there being a pressing demand at the present time for infor- 
mation on the proper fertilization of grapes and the most ideal system of 
pruning in relation to fertilization. Much of the time of Dr. Partridge has 
been spent, since the beginning of the growing season this spring, making 
general studies of these projects, a detailed outline of which together with 
the other experimental projects of this section have already been pre- 
sented to you. 

The section has been very largely interested in experimental projects 
in relation to the fertilization of bearing orchards. Some forty or fifty ferti- 
lizer tests were carried on in cooperation with the extension force in Michigan 
orchards the past year. The outstanding fact in relation to these results 
was the beneficial effects of quickly available nitrogenous fertilizers applied 
early in the growing season to nearly all of the orchards where efficient culti- 
vation was practiced. In the orchards where trees were in sod practically no 
results were obtained from the use of fertilizers. It is the opinion of the writer 
that this was due to the dry weather which characterized the growing season. 
There was, therefore, an insufficient supply of soil moisture in uncultivated 
orchards to make this fertilizer available to the trees. We believe that by 
these tests throughout the fruit sections we are demonstrating the general 
need of fertilizing fruit crops to increase production and also the necessity 
of orchard cultivation or mulching to insure a bountiful supply of soil mois- 
ture. 

As a result of these tests the past two years, our growers are using far more 
fertilizer than ever before and we expect to see this practice greatly increased 
in the near future. These fertilizer tests are made not simply to induce fruit 
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growers to use commercial fertilizers, but to direct them as to the kinds of 
fertilizers that will give the best results and the amounts that should be used. 

As in the past the work of Mr. W. C. Dutton has been largely along the 
lines of spraying and dusting. Laboratory studies were made during the 
winter months on the various brands of spray materials offered on the market, 
together with their physical characteristics. Studies were made on the use 
and value of spreaders in sprays, and field tests of spreaders are being made the 
present season. A brief summary of the results of the work along spraying 
lines for the season of 1920 follows: 


Dusting and spraying apples.—Sulphur dust gave as good control of apple 
scab and codling moth as standard liquid sprays. Variety: Grimes golden, 
location: South Haven. 


Dusting and spraying pears.—Two orchards of Bartlett: location, South 
Haven. The average results in two orchards were about equal for scab con- 
trol. Physical condition of dusted foilage much superior to that sprayed with 
lime-sulphur 1 to 40 or 1 to 50. An extra application (pre-pink) was of value 
in controlling scab. This application probably is very desirable where scab 
is prevalent. 


Copper sulphate dusts.—(Sanders dust) did not give satisfactory control of 
scab on either apples or pears. Location: South Haven. 

Peach dusting and spraying.—Dusting for leaf curl with soluble sulphur 
and Bordeaux dusts did not give satisfactory results. Results consistent 
with those of 1919. 

Summer dusting of peaches devoid of definite results because of absence 
of injury on checks. 90-10 and 80-10-10 sulphur-lead dusts were entirely 
safe on peach foliage. Copper sulphate dust was also safe. Location: 
Saugatuck. 


Plum dusting and spraying —Emphasis on rot control. Lombard variety; 
checks very bad; fruit nearly total loss on some trees. Dusted and sprayed 
apparently equal at harvest with very little rot on either. Sprayed trees 
received last application of lime-sulphur (1-40) about one month before har- 
vest. Sulphur dust (straight sulphur) applied then, also one week before 
harvest. Holding quality of dusted fruit decidedly best. Location: South 
Haven. 


Dry lime sulphur on duchess apples.—Results were consistent with those of 
previous year. Dry lime sulphur regardless of strength used did not give 
results equal to lime-sulphur solution (1 to 40) although no definite plots 
were arranged on this point, the results indicate very strongly that a pre- 
pink application is desirable to prevent an early infection of scab which fre- 
quently occurs on duchess. Location: South Haven and Grand Rapids. 


Cherry dusting and spraying.—Location: Traverse City; varieties: English 
Morello and Montmorency. Lime-sulphur, 1 to 40, Bordeaux 44-50, sul- 
phur dust and copper sulphate. Injury on Montmorency checks not severe 
but control with all materials was satisfactory. There were some slight 
differences. On Morello, checks practically defoliated. Very little leaf 
spot on Bordeaux, a little on lime-sulphur plot, more on sulphur dust plot 
and still more on copper sulphate dust plot. 

Considerable injury on foliage of both varieties developed from the use of 
Bordeaux. The results indicated that lime-sulphur should be used at the 
rate of one and one-half gallons to 50 to give best control. 
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Grape and potato dusting—Copper sulphate dust used on them but no 
definite results obtained because of lack of any injury on checks controllable 
by materials used. Grape foliage dusted was in much better condition than 
where sprayed. The sprayed foliage showed considerable spray injury which 
probably developed in connection with the leaf hopper injury. 

The experimental work of R. E. Marshall is along the lines of plum and 
apple pollination studies, fertilizer experiments with small fruits and pruning 
experiments with tree fruits. This work has just been started the present 
season so that there is nothing in this line to report upon at the present time. 

Excessive demand for grape plants the past two seasons has lead to a 
demand for investigations of the best methods of propagating grapes from 
hardwood cuttings. During the past winter Mr. Stanley Johnston did 
considerable work along this line testing out different methods of storing and 
handling grape cuttings to induce efficient callousing. A detailed report of 
this will be made before next spring to prevent the severe losses that have 
been experienced the past season by the growers in trying to root these cut- 
tings. 

Tests were made under the direction of Mr. H. C. Moore of different varie- 
ties and strains of canning peas, especially in reference to their resistance to 
root rot and production. 

In cooperation with Mr. C. W. Waid of the Extension division, variety 
tests and tests of selected strains of potatoes were conducted as in previous 
years; also a number of fertilizer tests with different forms of fertilizers and 
with different distances of planting, but due to the exceedingly dry weather 
the results of these tests in several parts of the State were not conclusive. 

The work on bud selection and performance record work with Baldwin 
apples as previously reported was continued and the work will probably be 
concluded this year. The bud selection work in the duchess orchard on the 
Wilson farm at Benton Harbor, Michigan, was concluded at the end of the 
season. With these records at hand a study was made in the orchard as to 
the condition of the trees to see if the differences in the productional records 
of these trees could be ascribed to any condition of the environment or to any 
physiological condition of the tree itself. A careful study of the trees in 
this manner showed that in each case the differences in production could be 
ascribed to poor drainage, root gall, girdling or to some physiological condi- 
tion influencing production rather than to an inherent character of the tree. 

During the fall Mr. Dutton made studies of grape vines endeavoring to 
obtain vines producing a larger and better fruit and being expecially produc- 
tive and vigorous. Such vines as seemed promising were staked in various 
vineyards in Van Buren county and records will be taken upon them the com- 
ing fali. 

Respectfully submitted, 
yy fat Cab. HALLIGAN, 
Horticulturist. 
East Lansing, Michigan, June 30, 1921. 


REPORT OF THE GRAHAM HORTICULTURAL EXPERIMENT STATION. 


To Director R. 8. Shaw: 
Dear Sir: 

It is a pleasure to report the development that has taken place on the 
Graham Horticultural Station grounds during the past year. Since the last 
report the old farm house that was on the property when purchased has been 
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cut into two parts, each being moved to the rear and reconstructed into a 
farm cottage. We now have two farm cottages in excellent condition and 
practically finished except for the water and plumbing fixtures which are now 
being installed. 

Much work has also been done in developing the landscape feature of the 
grounds. The wagon shed, corncrib and other secondary farm buildings 
have been moved making a more ideal and convenient arrangement. Much 
work has been done in subduing the farm and developing it into a sightly 
State experimental property. 

Since the last report we are happy to state that the State Board of Agricul- 
ture has purchased an adjoining fifty acres of land making the Station now 
one hundred acres in extent. The original fifty acres of this property includ- 
ing the barn and cottages is now pretty well planted except that portion near 
the rear boundary which is low ground and has not been cleared and developed. 
All of the acreage adapted for fruit planting on this division has been set to 
trees and is now devoted to the following experimental projects: 

Project 1: Young duchess apple orchard to test the relative value of alfalfa 
sod mulch, grass sod mulch and cultivation with cover crops, in growing 
orchards and their relative nitrogenous requirements. 

Project 2: A cultural project with young apple trees to compare the effect 
of various systems of culture. In this project: 


Plat 1 is to be plowed early in the spring and clean cultivation will be given 
until the cover crop is seeded again about July 20th. 


Plat 2 is to be kept in clover as continuously as possible. A mulch of straw 
is to be kept around the trees as far out as the tips of the branches, and the 
clover on this plat will be mowed for hay and removed. 


Plat 3 seeded to alfalfa with the trees mulched with straw as plat 2, and the 
alfalfa cut and removed from the orchard. 


Plat 4 same as plat 3 except the first cutting each year of alfalfa will be 
used for a mulch about the trees while the other cuttings are to be removed 
from the plat. 


Plat 5 to be treated exactly as plat 4 except that this treatment is to be 
supplemented by an application of nitrate of soda to the trees early in the 
spring. 

The fundamental object of this test is to see if fruit growers can produce 
young apple orchards by continued use of intervening spaces among the 
trees for producing such crops as alfalfa, without proving deterimental to the 
growth of the trees until they come into bearing. 

Project 3: Apple training and pruning experiment. To ascertain the best 
methods of pruning trees at planting time and each succeeding year. Six 
standard varieties of trees were selected to plant in the spring of 1919, 20 feet 
apart each way. The first row of each variety had the roots and tops pruned 
heavily when set and were to be pruned during the dormant season each 
succeeding year as commonly practiced. Row 2 of each variety was not 
pruned at planting time except to reduce the scaffold limbs to at least five 
and no pruning is to be done after setting until the trees come into bearing. 
Row 3 of each variety had little pruning of the tops when set, the scaffold 
limbs being reduced to five or less but with no heading back of the scaffold 
limbs. These rows are to have a little pruning the first half of July. Row 
4 of each variety had a little pruning of roots and tops when set with the scaf- 
fold limbs reduced to five or less. These rows are to be pruned frequently 
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during the growing season, the purpose being to remove all surplus growth of 
the limbs while very small. 

Project 4: To compare clean culture and sod in a cherry orchard, to deter- 
mine whether it is practicable to grow cherry trees in sod provided they are 
properly fertilized. On this plat nitrogenous fertilizers were applied to some 
of the trees in the spring and have already shown excellent results in foliage 
and in growth produced. 

Project 5. This cover crop experiment was started a year ago on a block 
of spy trees planted the previous spring. The object of this experiment is 
to test the relative values of the different kinds of cover crops now most com- 
monly used, ascertaining the total amount of organic matter being added 
by each of the different kinds and their relative effects on growth and fruit 
production. 

In addition to these plots a block of Bartlett and Seckle pears and a block 
of Abundance plums were planted for further experimental work. A young 
peach orchard was set this spring to test the nitrogen requirements of peach 
trees, and the differences in the effect of nitrogen applied at different times. 
Five acres of Concord grapes were set early this spring for further work on 
fertilization and pruning grapes and also about an acre of Washington aspara- 
gus, a rust resistent strain developed by the Government which we hope to 
disseminate to the growers throughout the State interested in this crop. We 
are also carrying on a variety test of strawberries and have made some smaller 
plantings of loganberries, dewberries and other bush fruits, testing the varie- 
ties and making fundational plantings for future plant breeding work of bush 
fruits. Detailed outlines of these experimental projects already developed 
have been submitted to you. 

Early in the spring we had the pleasure of an inspection trip through these 
grounds by the Experimental Committee of the Michigan State Horticultural 
Society. We hope that this is going to prove an annual event that we may 
be in closer touch with the economic needs of the fruit growers and receive 
such suggestions in‘the developing of these projects as they have to offer. 

The credit for the excellent development of these grounds the past year is 
due largely to the capable and conscientious work of Mr. H. D. Hootman, 
superintendent of the grounds. 

Respectfully submitted, 
C. P. HALLIGAN, 
Horticulturist. 
Kast Lansing, Michigan, June 30, 1921. 


SOUTH HAVEN STATION REPORT. 


To Director R. 8. Shaw: 


Dear Sir: 

A few years ago this Station entered into a cooperative contract with the 
Office of Pomology of the United States Department of Agriculture for the 
use of the South Haven Experiment Station for fruit tree breeding work. 

The problem of developing blight resistant pears and of a peach hardier in 
bud than any we have at present, were the primary projects to be considered. 
In addition to this the breeding of other tree fruits such as apples was also 
undertaken. During the first two years on this contract Mr. Wight of the 
federal office spent much of his time at the Station making crosses and growing 
the resultant seedlings. This work has now developed to such an extent 
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that our present acreage is insufficient for testing out all of these young 
trees. 

A recent visit of Mr. L. C. Corbett and Mr. L. B. Scott of the Office of 
Pomology, at Washington, to inspect the work that has been done and the 
material at hand, impressed them so favorably that they are very anxious to 
have the work extended and desire to help financially in such an extension of 
this work as is possible. 

There is a very pressing demand at the present time for work upon some 
of the problems in the growing of small fruits for the southwestern section of 
the State. Local growers around South Haven are very anxious for us to 
undertake this work and we have reason to believe that the fruit growers in 
the vicinity of this Station would be glad to furnish the land free of charge for 
this work. A recent inspection trip by the writer in company with Mr. L. 
B. Scott, special investigator in nursery stock propagation, impressed him with 
the adaptability of the climatic and soil conditions in the vicinity of South 
Haven for the production of fruit tree stocks. Inasmuch as we already have 
a station there he is anxious to obtain an acreage for this work in this vicinity, 
carrying on the work cooperatively as we have previously been doing with 
the fruit breeding work. It is the hope of the writer that such a cooperative 
contract may be entered into by this station to develop this work. 

At present there exists at the station grounds one of the largest and best 
collections of species of peach trees that can be found in this country as a 
foundation for future breeding work; also one of the best collections of pears, 
including some very desirable fire-blight resistant stock from China which 
the government collected a few years ago and has since ascertained its value 
as blight resistant stock. 

During the past year we have been successful in inducing the city officials 
to take care of the drainage that formerly flowed on to a section of this pro- 
perty, keeping a large area in a very wet and unsuitable condition for the grow- 
ing of fruit trees. Trees upon this block since the drainage matter has been 
controlled have been making an excellent new growth. 

Mr. Stanley Johnston, superintendent of the station grounds, has been 
giving much of his time to other experimental work bemg carried on by 
this office throughout the fruit belt, especially along the lines of spraying 
and dusting, by assisting Mr. Dutton. During the winter months he took 
charge of the short course teaching work in horticulture. It is a pleasure to 
express our appreciation of the services Mr. Johnston has rendered the past 
year. 

Respectfully submitted, 
C. P. HALLIGAN, 
Horticulturist. 
East Lansing, Michigan, June 30, 1921. 
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REPORT OF THE SOILS SECTION. 


Director R. S. Shaw:. 

The different lines of experimental work undertaken by the members of 
the Soils section have been conducted with enthusiasm, and gratifying results 
have been obtained. 

The number of soil fertility projects on mineral soils has been increased 
until there are underway forty-five in rather widely separated areas of the 
State. The request for cooperative tests-and demonstrations has been 
greater than we could put on and care for properly. A notable example of 
the success of this movement is the interest manifested in Kalamazoo 
county. Here the board of supervisors set aside sufficient funds to conduct 
tests on different soil types. County Agent R. L. Olds deserves much credit 
for the success of this campaign. The results that have been obtained have 
been reported in the Experiment Station Quarterly, bulletins, and the agri- 
cultural press. 

Several muck land cooperative fields are in progress. Cultural operations 
and different combinations of manure and fertilizers are showing striking 
results on some of the deposits that have been under cultivation a number of 
years. Thus far the work has been well received and as with the mineral 
soils the requests for cooperation by farmers have been greater than could be 
met. As a result we are attempting to so distribute these that the maxi- 
mum number of farmers will be served. In this field the cooperation of 
county agents has been of great value in many respects. 

The researches of Dr. G. J. Bouyoucos on the soil solution, soil moisture 
and the causes of the appearance of frost on the muck areas have been con- 
ducted with vigor, care and foresight. 

Mr. Spurway has continued the investigation on the effects of fertilizer salts 
on soils. Such information is fundamental to a knowledge of the proper 
use of such materials. Mr. Millar in addition to his instructional duties has 
obtained information on the soluble materials in cropped and virgin soils. 

The soil survey is progressing satisfactorily. Field parties are at work in 
St. Joseph, Ottawa and Ontonagon counties. The employment of a leader 
of field parties should enable the work to be correlated and maintained at a 
high standard. 

The various members of the Soils section desire to express their apprecia- 
tion of your timely advice and support during the year. 

Respectfully submitted, 
M. M. McCOOL. 
East Lansing, Michigan, June 30 1921. 
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REPORT OF UPPER PENINSULA EXPERIMENT STATION. 


Director R. 8S. Shaw: 
East Lansing, Michigan. 


Dear Mr. Shaw: 


I herewith submit a brief report of the work of the Upper Peninsula Experi- 
ment Station for the fiscal year ending June 30, 1921. The work that has 
previously been carried on, has been continued, and considerable expansion 
has been made along several lines, especially so in. the crops experimental 
work conducted by Mr. G. W. Putnam, and the plant disease work in charge 
of Mr. J. E. Kotila, whose reports are hereto appended. 

More fencing has been done, and considerable more land put under culti- 
vation. It is the plan now to make land clearing a major project for the bal- 
ance of the season in order to enable us to produce sufficient feed to increase 
our herds and flocks. 

The past season has been very favorable for a large crop production. Our 
Wolverine oats averaged over 100 bushels per acre, and the sunflower field 
produced 24.6 tons per acre, weighed just before putting into the silo. 
The sunflower crop is very rapidly finding its place as a standard silage crop 
on stock farms of the Upper Peninsula, where it is replacing corn, peas and 
oats. Its high yielding power, resistance to frost, combined with compar- 
atively high feeding value, is doing much to popularize it where corn is not suc- 
cessfully grown. 

The flocks of sheep have been steadily growing and improving, by the use 
of good sires and good pastures. The flock now consists of 271 matured sheep 
of the Hampshire, Shropshire and Rambouillet breeds and the different 
crosses of these breeds. Careful records are kept of each individual in the 
flock as to weights of fleece, breeding, and weights of lambs. The object 
is to determine what breed or cross will be best adapted for Upper Peninsula 
- conditions, and to enable us to eliminate poor individuals from the flocks. 
Ram lambs and ewes were sold to the farmers for breeding purposes and all 
surplus stock sold to Clay, Robinson & Co. At the close of the lambing 
season, the Station had 120% of living lambs. 

The dairy herd now consists of thirteen milk cows, three heifers, one herd 
bull and eleven young stock. Seven bulls, three heifers and three cows were 
sold for breeding purposes. The best individuals have been kept in the herd 
which enables us to steadily increase the quality and production. The aver- 
age production during the past year was 13,000 pounds of milk. The majority 
of the milk and cream has been sold to the milk and cream trade in Marquette 
and Munising. 

Two teams of horses were sold last fall to lumbermen, and one team pur- 
chased this spring. The Station now has five horses. 

A flock of Barred Rock chickens has been kept. The cockerels were sold 
to the farmers for breeding purposes and the eggs for hatching. 

Considerable improvement has been made with roads around the buildings. 
A new road has been graded and graveled from the office to the main road 
and another from the horse barn to the main road. 

The house on the forty acres purchased last year, has been completely 
remodeled inside, a new kitchen built and a new basement constructed. 
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The laboratory room has been built in the grain room above the office, and 
partially equipped. 

The boarding house has been painted on the outside and kalsomined on 
the inside. The office building has also been painted. 

Some new machinery has been purchased for the farm, and for experi- 
mental work. 

The annual round-up put on August 10-11, was quite successful, and 
approximately 3,000 people were in attendance. Demonstration work along 
live stock and farm crops lines was a feature, and a speaking program was 
rendered in the afternoon. Alger county generously donated an excellent 
barbecue dinner in order to assist in accomodating the crowds. The boys’ 
and girls’ club members’ camp was put on at the time oftheround-up. They 
received special instructions in live stock and crop lines, and live stock 
prizes were given to the winners of the final judging contests. 

Respectfully submitted, 
D. L. McMILLAN, 
Superintendent. 
Chatham, Michigan, June 30, 1921. 


Mr. D. L. McMillan, Superintendent, 
Chatham, Michigan. 


Dear Mr. McMillan: 
I herewith make report of plant disease investigations carried on at the 
Upper Peninsula station during the fiscal year ending June 30, 1921. 


POTATO DISEASES. 


These investigations have been a continuation of the projects started in 
1919, supplemented by the potato leaf-hopper investigations which were 
started in 1920. The 1919 and 1920 seed treatment experiments having 
shown that neither formaldehyde nor corrosive sublimate, which are usually 
recommended for the control of seed-borne diseases such as scab, black scourf 
and black leg, were effective in the control of scab under conditions existing 
at this Station. The 1921 seed treatment experiments were supplemented 
by soil treatment experiments for scab control. In these experiments, sul- 
phur in various forms was applied to the soil as a top dressing before planting 
the tubers. The importance of scab control in the limestone areas of the 
Upper Peninsula becomes significant when it is learned that even the first 
crop of potatoes grown on a given piece of land, bears a high percentage of 
scab, and succeeding crops on the same ground, even if grown after an interim 
of 10 years, are largely unmarketable because of this disease. 

Hill selection work for studying the dissemination of Mosaic, Leaf Roll and 
Streak from diseased to healthy hills has been continued and also the cage 
experiments to determine whether insects are factors in spreading these 
diseases. 

Spraying experiments for control of hopperburn (tipburn) and leaf diseases 
which were started in 1920, have been supplemented by the use of dusts in 
1921. 

Most of the laboratory researches have been devoted to the investigation 
of the Black Leg disease of potatoes which is very prevalent in the Upper 
Peninsula potato fields. 
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OTHER DISEASE. 


Whereas most of the time has been spent in the investigation of the potato 
diseases of the Upper Peninsula, a little time has been devoted to making 
observations on the diseases affecting the other crops grown at the Station, 
more particularly black stem rust of wheat and rust of sunflowers. 

Owing to the increased importance of the latter, as a silage crop in the Upper 
Peninsula, the control of sunflower rust has become urgent and to this end 
preliminary seed treatment experiments were undertaken in 1921. 

With an expression of appreciation for the hearty cooperation you have 
given to the disease work carried on at this Station, I am 

Respectfully, 
J. E. KOTALA, 
Research Assistant in Plant Pathology. 


Chatham, Michigan, June 30, 1921. 


Superintendent D. L. McMillan, 
Chatham, Michigan. 


Dear Sir: 

I herewith submit a brief report of the experimental crops work for the year 
ending June 30, 1921. 

The data obtained from the grain plots of 1920 would indicate that spring 
barley, oats and field peas can be grown very successfully ; while spring wheat, 
winter wheat, soy beans and corn can be grown successfully only when the 
season is especially favorable, or, in the case of soy beans, and corn, when 
seeded well to the southern boundary of the territory. Black Stem Rust is 
the principal cause of failure of the wheat crop, as well as soy beans and corn. 
This disease is prevalent throughout the territory, causing the growing of 
wheat to be classed as an uncertain crop. 

Experiments with forage crops would indicate that mixtures of oats and 
vetch, or peas. and oats, is a very dependable short season hay crop. Sun- 
flower experiments would indicate the most successful method of growing 
the crop for silage, is to seed early, in rows from 30 to 36 inches apart, at from 
6 to 8 pounds of seed per acre. 

Potato experiments in progress, indicate the necessity of careful selection 
work to secure disease free seed, stock of high yielding power. Green Moun- 
tains and Rurals are the outstanding varieties in variety test plots. 

Cooperative work in studying and classifying pea varieties, is in progress 
with the East Lansing Station. One hundred and fifty-four strains are being 
tested this year. Commercial pea varieties are being tested for grain and 
forage production. A strain of English field peas is being increased for dis- 
tribution, also a strain of Alaska canning peas. 

Cooperative crop testing in various counties has been increased with the 
addition of Mr. John Hammes as field man. Twenty-three demonstrations 
have been placed in twelve counties of the Upper Peninsula. 

Respectfully submitted, 
G. W. PUTNAM, 
Research Assistant in Farm Crops. 
Chatham, Michigan, June 30, 1921. 
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REPORT OF THE DIVISION OF EXTENSION WORK. 


President F. 8. Kedzie. 


Dear Sir: 

The work of the Extension division is given asa brief summary of the results 
accomplished under the various projects which have been established under 
the terms of the Smith-Lever act. Under the terms of this act, all work under- 
taken must be approved by the Secretary of Agriculture before it is begun. 
This is accomplished by means of written projects outlining the purposes 
and methods of procedure of each branch of work. For each subsequent 
year a detailed annual plan of work is required to be submitted to the federal 
office for approval. The projects in effect during the year are as follows: 

. Administration. 

. County agents. 

. Home economics. 

Home demonstration agents. 

. Boys’ and girls’ clubs. 

. Farm crops. 

. Live stock. 

. Horticulture. 

. Potatoes and vegetables. 

Soils. 

11. Farm management demonstrations. 
12. Insect control. 

13. Household engineering and drainage. 
14. Markets. 

15.2f oultry. 


— 
SODNOMRWH 


County Agricultural Agents: 


During the year 65 counties have had county agricultural agents. This 
is the largest number of agents since the war, at which time emergency funds 
extended this work into 68 counties. The counties which have been added 
this year are: Crawford, Gratiot, Hillsdale, Huron, Leelanau and Oceana. 
There are sixteen counties having no agents, five or six of which probably 
would not be able to finance the work alone. 

The development of the county farm bureaus during the year has stimulated 
and strengthened the work, not only by providing funds for the employment 
of agents, but also by bringing larger numbers of farmers into active, sympa- 
thetic contact with the county work. The farm bureau serves as a means of 
making the farmers themselves an active partner in developing a plan of work 
for their county and assisting in carrying it out. The work undertaken in 
the individual counties varies greatly according to the regional interests. All 
programs of work are built around the important sources of income and in- 
clude home and community interests. Success in carrying out such an 
inclusive and often complex program is dependent upon finding men or women 
who are willing and able to assist locally. These helpers must be found 
and developed until they become recognized leaders among their associates. 

Financial support is from two sources: farm bureau memberships and 
appropriations made by boards of supervisors. Membership fees used for 
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county agent work this year amount to $89,000. Appropriations by boards 
of supervisors aggregated $174,906, as compared to $129,948 the previous 
year. In addition to these amounts, State and federal funds provide for 
$1,200 per county, which is paid directly to the county agent by the College. 
More adequate funds have made it possible to pay better salaries to agents, 
resulting in fewer changes in the staff and the attracting of more experienced 
men to the work. 

The problems of organization during the year have been exceedingly com- 
plex. The desire on the part of the farmers for strong, economic institutions 
through which they could combine their efforts for marketing purposes was 
greatly stimulated by the organization of the farm bureaus. Inasmuch as 
marketing was the fundamental purpose of these organizations, the efforts 
of the county agents along these lines were directed by the marketing special- 
ists of the College, and the summary of these results is given under that 
heading. In all organization work, however, the County Agricultural Agent 
is the active leader in his county with a constant first-hand, personal knowledge 
of local situations in each marketing center. When cooperative institutions 
are in need of help during their formation or later, the agent brings to them the 
best available information regarding required volume of business, equipment, 
constitutions, by-laws, financing, contracts, affiliations with commodity 
exchanges, etc., and gives the membership a full acquaintance with the local 
and state-wide situation regarding cooperative concerns. During the year 
material assistance was given in the formation of 321 such organizations. 

The cooperative marketing associations are proving to be a strong factor 
not only in marketing but also in promoting production projects. Through 
these institutions large groups of members can be reached in supplying better 
seeds, in standardizing produce, in promoting better live stock, and in fact, 
in carrying out any economic, educational effort. 

The county agent cooperates with all forms of organizations which can, 
be used to effect his purpose. These include granges, gleaners, farmers 
clubs and farm bureau locals. The agents report that their work has ex- 
tended into 928 communities, and of this number 871 have some form of 
local organization, with committees assisting in carrying out a program of 
work. 

Soils: 

Reports for the last calendar year from 48 counties indicate that there 
were 15,802 farmers who used fertilizers, either in demonstrational work or 
through the assistance of the agents. Forty-one counties show that lime 
was used on 3,609 farms totaling 198,574 tons; soil was tested for acidity on 
988 farms; 27 agents report that 27,060 acres of. clover or other legumes 
were plowed under for green manure; in 22 counties there were 51 drainage 
systems planned and adopted on an area of 5,855 acres. 

It should be remembered that high freight rates and decreasing prices of 
farm products has kept many farmers from undertaking anything of this 
kind. 

Crops: 

The work done by the agents with grain and forage crops has been in 
close cooperation with the Farm Crops department and the Seed Depart- 
ment of the Farm Bureau. Through this cooperation a general plan for 
the State and counties is made and carried out, based on variety tests and 
demonstrations well distributed over the grain area. All demonstrations are 
located in places where they can be readily observed by other farmers. 
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Observation tours are planned for the purpose of bringing large numbers 
of farmers to these demonstrations at times in the season when results are 
most striking. 

Alfalfa growing has been promoted with greater success probably because 
of the fact that great quantities of guaranteed hardy variety seed was made 
available through the Farm Bureau. About 153,000 pounds of Grimm and 
215,000 pounds of common alfalfa of guaranteed origin was sold to the farmers 
through the Farm Bureau during the season. Reports from 38 counties show 
that sweet clover was introduced or culture methods modified on 902 farms 
involving 7,466 acres. Hubam clover is being introduced this year and 28 
counties are cooperating with the College in its culture. A strong impetus 
to the production of higher quality of red clover seed has been general this 
year by the use of seed of guaranteed origin. In 33 counties soy bean demon- 
strations were carried out on 285 farms on a total of 1,448 acres. Legume 
cultures supplied by the Department of Bacteriology at cost through the 
county agents amounted to approximately 7,000 bottles during the season. 

Statistics from the agents showed that 3,340 farms were influenced to use 
improved seed oats and 668 farms offered such seed for sale. Twenty-two 
counties reported barley variety tests and demonstrations. Under the 
supervision of the Farm Crops department, thirteen counties are conducting 
ear-to-ear corn demonstrations. Statistics from 28 counties show 49,832 
farms as planting selected seed corn. 

Rosen rye has become the standard eric: of the State. To assure a 
permanent source of unmixed seed the agents are now cooperating in the 
distribution of seed raised from head-selected stock. Thirty-five counties 
reported last season that there were 2,727 farms on which cultural methods 
relative to wheat were modified involving 44,870 acres. Seed-wheat was 
treated for smut on 3,275 farms. 

Statistics from 42 counties last season showed that 3,732 farmers treated 
seed potatoes for disease control involving 13,720 acres; that 1,902 farmers 
sprayed potatoes on a total of 10,073 acres; that cultural methods were 
changed on 1,658 other farms including 7,332 acres. 

Potato seed inspection was carried out in 16 counties. This season 24 
counties are starting this work. Last year 269 acres were inspected as com- 
pared with 1,100 being offered for inspection this year. 

During the season agents gave assistance with the planting of 411 orchards. 
Spraying was done on 3,416 farms and pruning on 6,194 farms. 


Insect control: 


Efforts in insect control included work with Hessian fly, army worms, 
chinch bugs, grape leaf hopper, berry moth, rose chafer, codling moth and 
leaf hopper and grasshoppers. Grasshopper control work was carried on in 
16 counties with the financial support of boards of supervisors. The organi- 
zation for carrying on this work in each county is in the hands of the county 
agent. Estimates from two counties give amounts saved by grasshopper 
poisoning as $200,000 and $750,000. Reports show that there were 10,779 
farms on which insect control methods were followed involving 587,122 acres 
and that 3,651,603 pounds of poisoned bait were used. 


Live stock: 


The live stock projects include standardization of breeds by communities 
and counties, the elimination of scrub sires and the introduction of pure bred 
bulls and high grade females, the erection of silos, the improvement of feeding 
and care, the control or eradication of disease, and organization work such as 

27 
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assistance given in the formation of cow testing, live stock shipping and 
breeders’ associations. 

The statistical statement of this work as given in the calendar year reports 
by the agents, is as follows: Registered stallions and mares secured, 78; 
dairy bulls, 202 and beef, 69; registered cows, dairy, 222 and beef, 41; high 
. grade cows, dairy, 352 and beef, 100; registered rams, 97; registered boars, 
61; cows tested for milk production through associations or by individuals, 
6,790; cows discarded as result of test, 377; farmers assisted in figuring bal- 
anced rations, 1,044; silos erected, 784; farms on which poultry practice was 
modified, 2,240; animals tested for tuberculosis, 5,265; hogs vaccinated for 
cholera, 4,314; hogs treated for hemorrhagic septicemia, 171; farmers 
assisted in controlling necro-bacillosis, 101, farmers assisted in controlling 
contagious abortion, 54; farms on which beekeeping was introduced or the 
handling of bees modified, 206; involving 1,975 hives. 

The live stock organization work statistically stated is as follows: associa- 
tions organized previous to 1920 numbered 84 with 3,330 members; in 1920, 
29 associations were organized with a membership of 619. Since December 1, 
1920, there have been formed 25 live stock organization, referred to under 
the section on organization. 


Tuberculosis: 


The boards of supervisors in ten counties have made appropiation for 
furthering the work, the amounts varying from $1,000 to $5,000, and twenty 
counties report either considerable testing done or preparations being made 
for undertaking this project. The live stock men are taking a keen interest 
in it and the campaign for control of the disease is spreading rapidly over the 
State. The counties in which appropriations have been made are: Livingston, 
Emmet, Charlevoix, Antrim, Grand Traverse, Jackson, Hillsdale, Gogebic, 
Leelanau and Wayne. 


Farm management. 

In 33 counties the agents cooperated in the holding of farm accounting 
schools. Fifty-six county agents distributed a total of 950 account books. 
Two hundred and fifty-three farmers were assisted in summarizing and inter- 
preting their accounts and 122 made changes in their business as a result of 


keeping accounts; 1,158 farmers adopted cropping, live stock, or complete 


farming systems according to recommendations; 158 buildings other than 
homes were constructed or remodeled according to plans furnished; 18 farm 
leases were drawn or modified. 


Labor. 

The reports show that the agents assisted the farmers in getting 1,352 farm 
laborers and that 146 farmers were assisted in securing machinery to econo- 
mize labor. 


Credit. 

Requests by the farmers for assistance in obtaining better credit facilities 
have been many and the farm loan association has been an important factor 
in meeting the credit needs since provisions were made for such associations. 
The agents assisted in the formation of 11 farm loan associations, and five 
other credit associations, involving 707 farmers. 


Marketing. 
For the calendar year 1920, the reports of 60 county agents show that 
there were 236 marketing associations formed, with a membership of approxi- 
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mately 30,000. The business transacted by these new associations, several of 
which had been organized but a short time when these figures were obtained, 
amounted to about five million dollars, with an estimated saving of three 
hundred thousand dollars. Including all types of buying and selling associ- 
ations with which the county agents work, there was a total of 481, Novem- 
ber 30, with a membership of about 60,000 and transacting business amount- 
ing to about $14,500,000 with a saving of $1,400,000. Since December 1, 
1920, there have been 77 cooperative marketing associations formed. 

In the counties having agents there has been reported a total of 670 local 
organizations performing marketing functions. 


Meetings. 

The many meetings held in every county each year are primarily for the 
purpose of planning the county and community programs, devising methods 
for carrying them on, following up the work and explaining the results achieved. 
These meetings during the winter consist largely of schools and institutes 
and of other meetings for organization and for discussing and planning the 
work; during the summer, meetings are held at demonstrations, observation 
tours are conducted and other meetings for organization and follow-up, both 
community and county-wide, are held. Much assistance is given by the ex- 
tension specialists in conducting these meetings. The following is a classified 
list of the meetings held: 

Number Attendance. 


Annual Farm Bureaumeetings........... 63 6 ,029 
Executive committee meetings........... 461 3,363 
(COMMENT TNECTIM ES. 5 fo) 55 wos des o Gpat se ad 1,856 90 ,929 
‘Community committee meetings......... 442 2,706 
County project committee meetings...... 137 22100 
Pisin SUPA BIENIES . yr ek winks Sas 5 Fe eee 50 89 ,915 
ODSErVAIGH! LOUES 5°50 2s oceans: ca 28 eae 57 2,505 
Other Farm Bureau organization meetings 706 42,197 


In 21 counties there were 95 extension schools held with a total attendance 
of 13,141; in 28 counties 1,256 farmers’ institutes were held with an attendance 
of 12,599. The total number of the different kinds of meetings held was 
8,682 with an attendance of 347,353. 
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Number of agents reporting............. 


OFFICE. 


Days in office... ... 


Calls on agent: 


Rersonalta.pen cerca cen soseicatesiae 


Telephone....... 


Articles published in local press.......... 
Bulletins distributed a.2.04.\....ae eae 


Daysin field's acscdae 2: BARONET 


Farm visits made... 
Demonstrations: 
ay ptarted ate acce 
bz Visited:..c s.2. 


c. Meetings held at............ 


d. Attendance at meetings 


Other meetings held 
Attendance...... 


STATISTICAL SUMMARY. 


From July 1, 1920 to June 30, 1921. 


November.| December. 


Totals. 


ef | 


1,946 
118,595 


Number of agents reporting............. 


OFFICE. 


Days in office...... 

Calls on agent: 
Personaltc 58-04: 
Telephone....... 


Articles published in 
Bulletins distributed 


Days in field. ...... 

Farm visits made. . . 

Demonstrations: 
aastarteden. ee 
bevisiteds.t5 4. =r 


local press.......... 


c. Meetings held at. . jovsaasoDonneseC 
d. Attendance at meetings............ 


Other meetings held 
Attendance...... 


January. 


526 


August. |September.] October. 
54 54 55 52 
58014 48419 56114 763 
5,805 5,208 5,322 4,752 
6,425 5,704 5,694 5,997 
8,421 6,053 6,323 6,238 
83,327 53,621 38, 207 58,235 
408 192 232 179 
8,490 13,003 11,950 7,033 
87014 721 660 61314 
1,899 1,341 1,408 924 
50 35 7 15 
142 60 105 55 
112 59 33 34 
2,813 891 372 374 
359 247 295 386 
41,341 12,687 14,294 13,926 
February. | March. April May 
60 60 60 61 
80014 779 66514 681 
8,053 7,780 8,986 8,889 
6,578 7,891 7,815 7,848 
7,917 8,868 8,960 18,120 
50,790 60,776 45,579 59,150 
328 443 473 402 
5,649 6,980 8,030 15,985 
580 623 760 1,057 
386 520 1,569 3,110 
14 72 197 215 
Peco 7 51 94 
19 46 42 48 
309 634 459 1,304 
583 401 418 367 
37,715 20,089 16,630 16,077 


2°573 
137,056 
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HOME DEMONSTRATION AGENT WORK. 


During the year 11 counties cooperated with the College in the employment 
of home demonstration agents. This is a larger number than had previously 
been employed on regular funds. During the war while the total salary was 
paid from emergency funds, a larger number of agents were at work. 

Each home demonstration agent is a permanent resident of her county 
and gives all her time to service among the women of the county. Her work 
includes demonstrations and personal assistance regarding nutrition, clothing, 
household management, interior decoration, poultry, girls’ garment and 
canning clubs, and home accounts. Her whole work while dealing with these 
details is aimed at the broader purpose of stronger people, better homes and 
better communities. 


Foods. 

Food work has not followed the old line of cooking lessons and distribution 
of recipes. Instead of this the latest information on nutrition and diet has 
been given through food study classes, school feeding demonstrations and 
milk campaigns. This instruction has included selection, -preparation and 
care of foods, planning of meals, and diet for children, and to meet special 
needs. This work is being given strong support by many public agencies 
such as Red Cross, churches, newspapers, libraries, women’s clubs, granges and 
by the general public. 

Three rural milk campaigns were carried on. During these campaigns 
the specialist gave 65 lectures to a total of 4,293 people. A very decided 
increase in the consumption of milk followed these campaigns, one dealer in 
a small town reporting an increase of 34% in his sales; another reported sales 
increased from 50 quarts daily to 70 quarts daily, and this in a community 
where there was much unemployment. Because of the greater use of milk, 
children have gained in weight, have acquired more life or energy, and have 
gained higher marks in their studies according to reports from teachers. 
Adults as well as children have also been physically benefited by the use of 
milk in the diet. 

Besides the talks given in milk campaigns the specialist gave 47 food talks 
reaching 3,191 people. Much time was also given to assisting the traveling 
clinic of the State Board of Health at which time assistance was given to 
mothers in planning diets for special cases. These included principally diets 
for underweight and tuberculosis. 

Nutrition clinics have been conducted by several of the home demonstra- 
tion agents with malnourished children. There is a growing demand for this 
work. The mothers of under-nourished children are asking for the home 
demonstration agents and specialist aid, and several home demonstrations 
have been established. 


Clothing. 

During the year the extension clothing specialist has worked directly with 
the agents in the preparation of subject matter and illustrative materials. 
The dress form has been featured by popular demand. Demonstrations in 
dress form making have been given to organized groups and much effort has 
been given to the organization of the group to make it permanent as a means 
of promoting other lines of work. It is estimated that 2,500 of these forms 
have been made since December 1, 1920. This work is not only important, 
as a dress making aid but because it emphasizes the health side of clothing 
work and calls attention to proper posture and correct fitting of corsets and 
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shoes. Since December Ist, 111 dress form demonstrations have been super- 
vised by the clothing specialist. At these meetings 465 women were trained 
to make the forms and are now teaching others. In each county having an 
agent approximately 200 forms have been made, making a total of 2,500. 
The forms are worth at least $10.00 each. 

Millinery is being given more attention. One class has saved the women 
of one community $105.78. One afternoon’s work by the specialist from the 
College and the agent saved the women $47.50 besides the fact that they were 
trained to do these same things in the future. Eleven millinery clinics have 
been conducted with a total attendance of 238, each attendant renewing at 
least one hat with increased value of from three to five dollars. 


Household Management. 

The service offered in household management aims to make house work 
in Michigan farm homes easier and more efficient. This is done through better 
planning of the work, better arranged kitchens equipped with modern devices. 
Service is also given in home accounting with the intention of developing a 
better planned expenditure of income in the interests of the life of the family. 
During the winter months ten kitchens were rearranged and equipped. A 
large number of home-made fireless cookers have been made under the super- 
vision of the specialist and agents. Approximately sixty pressure cookers 
have been purchased as a means of saving time in cooking and canning. 

At the present time groups of women in 21 counties are keeping accounts 
and a record of the family living coming from the farm. Visits are made to 
each group every three months to discuss further problems of accounting 
and budgeting. 

Home convenience campaigns are conducted in the various counties cul- 
minating in a home convenience tour when the new things are inspected by 
those interested. Lectures and illustrative material are used liberally 
throughout the State, and results from this effort are never available in definite 
figures. 

BOYS’ AND GIRLS’ CLUBS. 


In club work emphasis has been placed upon the organization of local boys’ 
and girls’ clubs, each with a local leader through which the agricultural, 
educational and social program of the Extension Service might be carried on. 
The policy of cooperating with the counties in the employment of full time 
county club leaders has been extended into eleven counties. In 24 other 
counties paid club leaders for periods less than 12 months have been employed. 
In addition to these paid leaders there were 1,127 local volunteer club leaders. 

Cooperation in the promotion of this work has been very generous from a 
large number of sources. Among these might be mentioned The Michigan 
Crop Improvement Association, The State Bankers’ Association, The Mich- 
igan Potato Growers’ Exchange; The Michigan Bean Jobbers Association, the 
Michigan State Fair, The West Michigan State Fair, Boards of Supervisors, 
Womens’ Clubs, Farm Bureaus, Boards of Education, Development Bureaus, 
Teachers’ Associations, together with a large number of commercial concerns. 

State and county training schools have been held for the purpose of devel- 
oping club leaders. Four state-wide training schools have been conducted 
in Grand Rapids, Kalamazoo and East Lansing. Twelve county schools 
were held. Through an arrangement with the Department of Public Instruc- 
tion, a course in Club Leadership was presented in 19 of the County Normal 
Training Classes. Two hundred forty-six prospective club leaders received 
training in club leadership in this way. Clubs have been organized in fifteen 
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projects. The names and yearly record of work in these projects are given 
in the following table: 
SUMMARY OF PROJECT RESULTS. 


ath 
: Organized eae Enroll- | Members | Value of 
Club demonstration projects. clubs. Be ie ment. | reporting. | products. 
club. 

GOTT er as cterae eek cole hee iaate chee eae 21 19 167 147 $3,264 25 
LESTE OSS by CAGSEORGE EEE Ca eC enone 31 30 247 201 14,543 00 
GARG OM rere tes ctacetal stare afo ete nase Sera Anes 329 255 14,113 6,108 80,566 63 
iM DTECOLN Es. cy Pe rckske eras aye s/e wien ease 62 60 438 393 11,511 63 
ipa SOW ANG: HELCL. ccs cafchainte 2s ee ps ielelese 2) 21 181 131 13,747 50 
(Wain yeHeller sees ea cicis seers Ore Do's Cin aetarare 22 20 272 209 31,437 21 
PIO Rep NE CY caer ceowarsiel alaietocs qimte Oils: cc shote:'s 7 if 63 59 4,683 00 
BEUELLE TV Zee on chetat ons ior che rays Gecenn, commence ein ove 26 19 258 136 6,522 30 
OEE PN Esc c[o «chats Sahela cake dle siete 177 160 1,964 1,625 34,531 40 
SO CALA Pee clot aiastot oats othe i seete ies aie ea a Sc 88 39 280 79 
EVODALING Payee een he cake Se ee os earls 78 70 1,807 UAB) 3,391 93 
CODEINE Syste Warcrch ospc lee ale. Sie sins wake fe Beene 263 245 1,857 1,148 10,924 52 
HEL ETAL GARE cat eis ascetic art eiaeane nie ane aial nite a + 69 60 718 482 2,843 04 
TRYST (EO ORS ORCI een CICRORERC REE ae eRe 6 6 32 29 1,363 00 
ERC Gs chap taee Sica tyroue) cee aioys eneaelous rans 7 f 55 18 704 09 

FANG Tee Sae ee eroennl CUA reat oyatye erates L127 984 22,260 11,960 |$216,922 35 


The Third Annual Boys’ and Girls’ Club Week was held at the College. 
Only those Club members who had won state or county championships in 
their various projects were eligible to attend. One hundred thirty-three club 
champions, together with their leaders, representing 26 counties, were in atten- 
dance during the week. ‘The First Annual Club Week for Northern Peninsula 
club members was held at the Experiment Station, Chatham, in August. One 
hundred winners of state and county championships attended this club camp. 


Scholarships. 

In accordance with action taken by the State Board of Agriculture, scholar- 
ships at Michigan Agricultural College were awarded to winners of state 
club championships. Several of these winners are now students at Michigan 
Agricultural College. Scholarships to the 16 weeks’ short course were 
awarded to the all around club champion in each county in which organized 
boys’ and girls’ club work was done. Several of these winners enrolled for 
the short courses during the winter. 


FARM CROPS. 


The best established extension projects in Farm Crops are based on the 
introduction in a large way of improved crops varieties developed at the 
Michigan Experiment Station. Efficient introduction is accomplished through 
the Michigan Crop Improvement Association, an organization of farmers 
who are interested in growing improved high yielding varieties. These 
growers are provided with pure seed from the Experiment Station increase 
fields, which is grown under a system of careful field and bin inspection, for 
sale under certification. The Michigan Crop Improvement Association i is 
closely associated with the Farm Bureau seed department. 

This organized varietal distribution project has proven of great effective- 
ness. Ninety per cent of the rye in the State of Michigan is Rosen, first dis- 
tributed from the Experiment Station in 1912, or near Rosen, and for the first 
time Michigan ranks first as a rye state. In six years’ work the Robust bean 
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has become the leading white pea bean variety. Wolverine, Worthy and Col- 
lege Success oats are the best known varieties inthe State. Nearly all of the 
Smooth Awn barley is sold annually for seed. These varieties are all associa- 
tion varieties secured from the Michigan Experiment Station. This developed 
machinery is proving ideal for the quick increase on safe grounds of the 
Hubam clover. 

Assistance has been given to the county agents in working out definite 
crops for each county. During the past year special attention has been 
given to exhibits both in the State and at the International Grain and Hay 
Show. Thirty-two counties have asked for special exhibits in addition to the 
two State Fairs. 

The variety demonstrations held at many points throughout Michigan, 
pave the way for the safe introduction of high yielding varieties or new 
crops. These demonstrations not only add greatly to information regarding 
crops, but are used repeatedly by county agents as field demonstrations 
and are the object of numerous field trips. 

The Michigan Crop Improvement Association continues to be a very active 
arm of the Farm Crops Extension Service in Michigan in raising the seed 
standards and furnishing a supply of seeds of superior and adaptable varieties. 
Through the cooperation of the Farm Crops department, State Farm Bureau, 
county agents and cooperative elevator managers, the Association is serving 
nearly every section of the State, and in addition to Michigan farmers it is 
in direct contact with many farmers of New York, Pennsylvania, Indiana, 
Illinois, Nebraska, Minnesota, Wisconsin, Alberta, etc. 

The membership of the Association is somewhat larger than last year with 
a total of 712 registered seed farms which are located throughout the agri- 
cultural sections of the State. 

The efficiency of these seed farms and the quality of their product was 
clearly demonstrated at the 1920 International Grain and Hay Show held at 
Chicago. In competition with the United States and Canada, members of 
the Michigan Crop Improvement Association won the first twenty-eight prizes 
offered in the rye class and fourteen of the first twenty prizes in the soft 
winter wheat class. In addition to these several prizes were won in oats, 
soy-beans, barley, ete: 

In February the Farm Crops department of the Michigan Agricultural Col- 
lege distributed 1,598 pounds of the Hubam Clover (Annual White Sweet Clo- 
ver) to 580 members of the Association to be grown for seed purposes under the 
supervision of the department, and in accordance with the regulations of the 
Association. At the present time there are 1,200 acres of the crop growing 
in Michigan which will furnish seed, the origin, purity and quality of which 
are known and will be certified and guaranteed. 

The widespread use of Rosen Rye of high purity has played a fundamental 
part in advancing Michigan from the fourth place to the first place in the rye 
production of the United States. Improvement is being made with Rosen seed 
by the adoption of the head selection practice. This year eight growers 
followed this system with the result that there are now 1,700 bushels of seed 
available for planting this fall which in accordance with the past results 
should yield five to ten bushels more per acre than even the best of registered 
Rosen. It is thought that this seed placed on Michigan’s half million acres 
annually devoted to rye, will produce an increase in production of two million 
bushels. 

In 1920 nearly ten thousand pounds of alfalfa seed were placed in farmers’ 
hands throughout the State for demonstrational purposes. The results 
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were so striking that in the spring of 1921 some 100,000 pounds of pure 
northern grown Grimm Alfalfa seed were sold to Michigan farmers through 
the State Farm Bureau seed department. It is believed that the alfalfa 
seed demonstrations have accomplished a great deal for Michigan agricul- 
ture in that they have brought about the success of thousands of acres of 
excellent alfalfa stands, the value of which is inestimable. 

The soy-bean demonstrations have added much impetus to the soy-bean 
production this year, especially to the growing of the superior varieties and 
to the producing of pure seed of the same. 

Farmers in general are anticipating the planting of an exceptionally large 
acreage of soy-beans next year due to the failure of their clover seedings this 
year. In that Michigan is now producing a large acreage of pure seed of the 
best adapted varieties, it is thought that the extension service rendered with 
soy-beans will prove to be of considerable value to our farmers next spring. 

This year the Farm Bureau seed department found that a great per cent 
of clover seed produced in Michigan is not of the desired high quality, 
consequently every effort is being made to raise the standards of the 
growers by encouraging the eradication of weeds, preparation of good seed- 
beds, and the use of lime and acid phosphate. 

It is impossible to measure the extent of interest in much of the field work, 
as these demonstrations are teachers whose lessons are constantly being spread 
in the conversations of the many interested persons who visit them. 

In order to more fully emphasize the lessons which the various demonstra- 
tions teach, special farm crops tours are being planned in cooperation with 
county agents. On these tours farmers will visit the various fields in groups 
while the extension specialist explains the purposes and results of the demon- 
stration. One county tour has already been held and seven more are sched- 
uled for the summer. Demonstrations emphasized are seed, forage, and 
green manuring uses of Hubam clover, variegated and common types of 
alfalfa, alfalfa cultural methods, sweet clover for hay and pasture, variety 
tests and demonstrations of pedigreed grains, demonstrations of corn improve- 
ment by the ear-to-row method, ete. 

Considerable time has been spent in conference with county agents in plan- 
ning yearly crops programs, and particularly in carrying the methods of 
experienced agents to those just beginning work. 

Great emphasis has been laid upon education by means of crops exhibits. 
Large crops displays, educational in nature, and with one or two members of 
the Farm Crops department in attendance, were shown at the State Fair, 
Detroit, the Western Michigan Fair, Grand Rapids, the International Grain 
and Hay Show, Chicago, and Farmers’ Week at M. A.C. It has been the aim 
to emphasize some important phase of crops work in these displays by high 
quality material, enlarged photographs and a few short but emphatic signs. 
Large detailed charts have been avoided as expensive and unattractive to 
the great majority of people who visit these fairs, and must of necessity receive 
their impressions hurriedly. In addition to the large displays, fourteen 
county fairs were served with smaller exhibits emphasizing the importance of 
pedigreed seed. 

During the coming season large education displays will again be shown at 
Detroit, Grand Rapids, Chicago and M. A. C,, and the work with county 
fairs will be greatly enlarged. Already plans for exhibits are under way to 
meet the needs of thirty-four county fairs which have requested them. 

Last spring a start was made in corn improvement work throughout the 
State by the ear-to-row method. The difficulty has been to get improved 
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seed corn near enough at hand to meet the local climatic conditions. So the 
work of improvement is being carried to the community itself by improving 
the best corn to be found there by this method of selection. Thirteen of 
these ear-to-row demonstrations were planted this spring, ranging from Man- 
istee county on the north to the southern boundary of the State. One 
demonstration on the time of seeding rye is being conducted in Emmet 
county. 

To demonstrate the merit of pedigreed varieties of grain, tests have been 
conducted on farms located in various parts of the State. In these demon- 
strations locally grown varieties are always included with pedigreed strains 
and careful comparisons are made. Results have shown that in nearly every 
crop except corn one or more pedigreed varieties have out-yielded the 
local varieties. A continuation of these demonstrations will make it pos- 
sible to safely recommend varieties adaptable to local conditions. 

The first demonstrations of this kind were conducted in 1918, when five 
wheat tests were planted. This has since increased to include oats, barley, 
corn, field beans, soy-beans, alfalfa and millet. 

Regional tests are particularly necessary for corn. It is planned to continue 
corn demonstrations until safe recommendations can be made for each belt 
of counties in the State. 

Barley is grown largely from mixed seed. The barley demonstrations 
being conducted give a comparison of Michigan-2-row, Michigan Black 
Barbless, and Wisconsin Pedigreed with each other and with local seed. 

Regional demonstrations are also conducted for wheat, alfalfa, soy-beans 
and short season hay crops. All demonstrations are used as centers for 
summer meetings and the results are used as material for winter schools. 


COW TESTING ASSOCIATIONS. 


The work of the Extension Specialist in Dairying during the past year has 
consisted chiefly of aiding in organizing and supervising cow testing associa- 
tions, teaching in extension schools and attending general community and 
farm bureau meetings at which dairy problems and organizations were 
discussed. The work during the past year has been of a more comprehensive 
nature than in the past, not being confined to the so-called project work al- 
though interest in these phases of the work has been very good. Michigan 
farmers are successfully solving many of their problems through organization, 
and an attempt has been made to make the dairy extension work an aid to 
their program. The Boys’ and Girls’ Live Stock Club work has maintained 
a healthy growth and has served to make the dairy extension work of a 
broader nature and more effective in teaching the principles of dairying. 

July 1, 1920, there were fourteen cooperative cow testing associations 
in Michigan with a membership of 367 farmers owning 4,093 cows. 

Eleven cooperative cow testing associations were active in Michigan, 
July 1, 1920, and were as follows: 

Kent County Cooperative Cow Testing Association. 

West Allegan County Cooperative Cow Testing Association. 

Emmet County Cooperative Cow Testing Association. 

Van Buren, No. 1 Cooperative Cow Testing Association. 

Wayne County, No. 1 Cooperative Cow Testing Association. 

Van Buren, No. 2 Cooperative Cow Testing Association. 

Wayne County, No. 2 Cooperative Cow Testing Association. 

Lapeer County Cooperative Cow Testing Association. 
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Hillsdale County Cooperative Cow Testing Association. 

Antrim County Cooperative Cow Testing Association. 

Kalamazoo County Cooperative Cow Testing Association. 

There were in these eleven associations, July 1, 1921, 235 members owning 
2,785 cows. 

The cow testing association work was affected quite materially by the 
serious decline in prices of dairy products during late winter and early spring. 
Eight of the associations operating last year have discontinued work. Five new 
associations have been organized and four of the old associations have main- 
tained their organization and are planning to start again when conditions are 
better adjusted and the farmers feel more encouraged. Part of these will 
probably start this fall. The need for this work is greater now than during 
the past two years when almost any cow would pay. Standards of produc- 
tion must necessarily be raised under present conditions and dairymen are 
beginning to realize it, as is indicated by requests for information and help 
from communities desiring to organize. 


SHEEP HUSBANDRY. 


Extension work in sheep husbandry has been carried on during the 
past year cooperatively between the Bureau of Animal Industry of the 
United States Department of Agriculture and the Michigan Agricultural 
College. 

The purpose and aim of this work has been to assist sheep men of the 
State in securing and disposing of suitable breeding stock, to teach interested 
parties the best methods of breeding, feeding, general management and care 
of the flock; te call to the attention of flock owners the value of pure bred 
rams; to collect data as to the cost of production; and to advise growers of the ~ 
necessity of producing clean wool of good length and staple instead of so much 
discount wool of short staple. 

The Extension Specialist has cooperated with the Wool Department of 
the Michigan State Farm Bureau in their efforts to secure for the sheep 
men of the State a satisfactory market for their wool. A number of the 
grading stations have been visited and the educational work in connection 
with the pooling and grading of wool has been kept at the front at all 
times. 

The educational work has been taught through lectures and demonstra- 
tions, at various county meetings, extention schools, and farm visits, most of 
which were cooperative with the county agents. 

Very little work has been done in connection with the Boys’ and Girls’ 
Sheep Clubs, but it is the hope of the department that considerable work 
can be done along these lines the coming year. 

Flock owners are keeping record books for yearly sheep management and 
demonstration, and considerable valuable information will be obtained at the 
completion of this work. The object of this work is to draw a comparison 
between the methods commonly used in the community, with those which 
have been used successfully at colleges, experiment stations or elsewhere. 


HORTICULTURE. 


This project was without a leader during the first half of the fiscal year. 
During the winter meetings held in fruit sections it was made clear that one 
of the important questions on which gruit growers needed help was fertiliza- 
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tion of tree and small fruits covering the whole question of tree and small 
fruit cropping, sod mulching in connection with the use of commercial ferti- 
lizers, and the use of these forms of plant food to supplement the stable 
manures. Next in importance has been the problem of insect and disease 
control. But few demonstrations were given in spraying. Large numbers 
of pruning demonstrations were asked for in sections where little spraying 
was practiced, and spraying was far more important than pruning. 

Fertilizer demonstrations have been carried on largely in Berrien and Van 
Buren counties, but some demonstrations have been put on in sixteen other 
counties. 

POTATOES AND VEGETABLES. 


The main purposes in view in promoting potato production are lower 
cost of production, better quality of seed and table.stock, more stable market, 
greater net profit to growers and greater value per dollar for the consumer. 
The methods of attaining these results are, hill selection of seed, planting 
seed plots, green sprouting of seed, seed treatment to prevent scab and scurf, 
comparative tests of seed from various sources, use of fertilizers, closer plant- 
ing on fertile soils, spraying with Bordeaux mixture and poison, and careful 
grading and storing. 

Ten of the highest yielding strains of the late Petoskey or Russet Rural 
potato have been isolated and developed. Over 1,000 bushels of this 
high grade seed has been distributed to potato growers who will compare it 
with their own seed, and who will furnish the records of yield, etc. 

The Michigan Potato Producers’ Association through the assistance of 
the Potato Specialists inspected 269 acres of potatoes for certification. 
Of this number 192 acres passed the inspection and were certified. Ap- 
proximately 26,000 bushels of certified potatoes were sold during the year. 
The primary object of the inspection and certification service is to im- 
prove the quality and yield of the potato crop in Michigan by eliminating 
low yielding strains, diseases, and undesirable varieties from the seed stock. 

During last season six hundred bushels of Michigan certified seed potatoes 
have been placed in southern Michigan, Ohio, Indiana, Illinois and Iowa in 
demonstration plots. Through the cooperation of the Michigan Potato 
Producers’ Association careful records will be kept of each plot. The 
object of this work is to compare the Michigan certified seed with seed from 
other sources. 

In connection with the certification work 131 strains of Russet Rural and 
Green Mountain potatoes are being tested in a ten acre demonstration plot 
in one of the southern counties of the State. 

Through the cooperation of the Michigan Potato Producers’ Association 
ten bushels of Select Early Ohio and Irish Cobbler seed were secured from 
Minnesota and Wisconsin. Ten demonstration plots are planted with this 
seed. An effort is being made to develop a high yielding, disease free strain 
of early potatoes. 

A variety test demonstration consisting of 29 varieties is planted on the 
horticultural grounds at the Michigan Agricultural College. Through the 
cooperation of the county agricultural agents over 20 seed plot demonstra- 
tions and four tuber-unit plots have been planted. Four seed treatment 
demonstrations; three planting date tests and four seed cutting demonstra- 
tions are planted. Five fertilizer and planting distance demonstrations have 
been started. Six spraying and three dusting demonstrations are being 
conducted. 
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The Michigan Potato Producers Association cooperating with the Exten- 
sion Specialists will inspect. this year approximately 1,100 acres of potatoes 
for certification. 

SOILS. 


The Extension schools which occupy the winter season, are usually held in 
cooperation with the county agent. The problems in which the farmer is 
most interested are discussed as fully as time will warrant. At a number 
of meetings samples of soils and marls are brought in by farmers and simple 
tests for acidity or lime contents are conducted, explaining where equipment 
for such work can be obtained, the reactions of tests and how such tests can 
be carried on by the farmer under field conditions. 

The summer field work is divided into two divisions, namely the carrying 
on of accurately controlled demonstration plots and the field meetings held 
on such demonstration fields. The demonstration plots consist of work along 
the following lines: the use of commercial fertilizers of different kinds and 
amounts on various soil types; rate of application of manure and effect of 
reinforcing of manures with phosphate; different kinds and applications of 
limes and marls; the effect of fineness of division of ground limestone as cov- 
ering a rotation; the use of various crops as green manure crops and their 
period of duration in the soil, and the effect of tillage operations on control of 
moisture and crop growth. Accurate records are kept of these projects not 
only for one year but for a number of years. Field records are also kept, the 
yields being taken by the field man rather than by the farmer or the person 
with whom we are cooperating. Field meetings are usually held on the 
demonstration plots during the growing season. 

New work on different soil types and lime and fertilizer treatment on the 
catch and growth of alfalfa and clovers, as well as fertilizer demonstrations 
on corn, have been the principal lines of new work undertaken in the last year. 


MUCK CROPS. 


The service offered to owners of muck soils is based upon the fact that muck 
and peat soils have basic, physical and chemical factors not present in upland 
soils and consequently present different problems. The phases of work em- 
phasized have been the determination of the agricultural adaptabilities of 
muck areas, fertilizer requirements of certain crops on certain types of muck, 
systems of farm management for muck lands, and problems of clearing, 
breaking, tilling and draining muck lands. 

It has been the purpose to assemble all knowledge and experience relating 
to muck problems and make it available to owners of muck soils. In this 
effort the two phases of muck cropping have been kept in mind and that which 
applies to intensive culture of vegetable crops has not been confused with the 
extensive culture of general farm crops. In the absence of experimental 
data the most successful experiences of the best farmers have been depended 
upon, and supplemented with results from demonstration tests conducted 
cooperatively with them. 

In general phosphorus and potash have been found to be the essential 
elements necessary for high limed mucks; while lime, nitrogen, phosphorus 
and potash are all necessary on the low limed mucks. 

Because of its magnitude and need for help, special effort has been given to 
the celery industry. Assistance was given the growers in the choice of com- 
mercial fertilizers in regions previously depending upon Chicago manure 
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supplies. The savings as a result of home mixing and buying the right ma- 
terials without nitrogen amounted to many thousands of dollars. 

Southern Michigan and Northern Indiana produces 75% of the world mint. 
Mint is a muck crop. The application of phosphorus and potash increases 
the percentage of oil content. This fact has been extended through demon- 
strations located throughout the mint area. Assistance was given in the 
formation of the Michigan Muck Farmers’ Association. This organization is 
composed of the better farmers and is an efficient avenue through which 
information is extended to its members. 

The demonstrations conducted were. planned and carried out on carefully 
laid out plots upon which observations could be made throughout the season 
and results obtained at the end of the season. The conclusions were pointed 
out to those who attended meetings held on the plots to observe results. In 
the celery area the main facts demonstrated were the value of potash and that 
all new muck will not grow celery without manure or mineral fertilizers, and 
that manure is not essential if proper commercial fertilizer is used. 

In the Black River Valley demonstrations, the main principles demon- 
strated were the value of potash as the limiting element; the first resistant 
qualities of properly fed crops of sunflowers, sweet clover, sugar-beets, oats 
and peas; importance of rolling muck land; that sugar-beets can be success- 
fully grown on muck, and that root crops are easily grown on muck. 


FARM MANAGEMENT DEMONSTRATIONS. 


Farm Management extension has for its purpose the securing of better 
organization and management of the individual farms, and helping to develop 
the program of the county agricultural agents along sound economic lines. 
The basis of the work is the financial records which farmers are influenced to 
keep and helped to analyze. 

During the year the work was carried on in cooperation with a 
farm bureaus, granges and farmers’ clubs. Farm accounting classes were 
conducted in cooperation with 33 county agents. The State Grange ap- 
pointed a committee on accounting to cooperate with the College in this 
work. Through this committee 1,100 account books were distributed to 
members of local granges. A set of follow-up questionnaires were devised, 
and sent out to grange cooperators and from their replies cost data was 
secured on several important crops. 

The account book was revised and 3,000 copies of the new edition have 
already been distributed. 


INSECT CONTROL. 


The season was largely occupied from May until September with a grass- 
hopper invasion which covered about half of the State. | Army-worms 
occupied our entire attention for about two weeks in various scattered, 
localities in the State. The grape leaf-hopper, grape-berry moth and rose- 
chafer in Van Buren and Berrien counties all received attention and in spite 
of everything that we could do severe losses were sustained. 

Hessian-fly has been for several years on the increase, and considerable 
effort was made last fall to aid the farmers in avoiding loss because of this 
pest. Much time was also spent in searching out suspected invasions of 
European corn-borer; sod web-worm was usually found in place of this more 
dreaded pest. Some effort was expended along the line of lessening the loss 
due to codling-moth. This was done in cooperation with the Experiment 
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Station, also the same is true in regard to several greenhouse insects. In 
the southern part of the State the chinch-bug demanded some attention as 
also did the leaf-hopper on potatoes and some household insects, and mill 
insects. About two days of each month were expended in an effort to control 
the flat-headed tree-borer in cooperation with the Experiment Station. 


Apiculture. 

The purpose of this work has been to give instructions in all lines of bee= 
keeping, with special reference to disease control. This instruction has been 
given to groups of beekeepers when possible, both by lecture, conversation 
and demonstration. Special effort has been made to give instructions in 
an apiary where various conditions could be pointed out, and suggestions 
made. Those present have often seen disease for the first time at such meet- 
ings and a demonstration of its treatment. The results of this work extend 
beyond those present, for when one man in a neighborhood learns to detect 
and treat disease, to use better methods, his neighbors, learning of his success, 
also adopt better methods. 

During the winter months, one and two-day beekeepers’ schools were 
held in twenty-four counties. The schools held early in the season, which 
was especially favorable to farm interests, were not largely attended, but as 
the season advanced the attendance and interest increased. Even a small 
group of beekeepers, giving two days to lectures and demonstrations means 
better beekeeping in that county. Miniature appliances, the blackboard 
and such equipment as we could secure from local beekeepers, were used for 
demonstration. In several places, young people from the high school attended 
the school. This suggests that some time of the specialist could very profit- 
ably be given to such schools as have agricultural instruction. This could 
be made a time and place to rally the local beekeepers. 

This has not been so much a year of organizing, as strengthening and direct- 
ing the activities of counties already organized. One county has been 
organized, which makes thirty-six counties with beekeepers’ organizations. 
Other counties should be organized, especially in the north. 

Several automobile tours have been made, with instruction and field demon- 
strations along the way. The interest taken and the opportunity will 
warrant much more of this kind of work. 


HOUSEHOLD ENGINEERING AND DRAINAGE. 


The drainage work which has been carried on during the last two years 
in St. Clair county was completed last year and has already shown results. 
About 22 carloads of tile were shipped to that county this last winter to be 
put in this spring, where, during previous years, practically no tile was ever 
used in the county. Four traction ditching machines are now operating in 
the county. The demonstration plots have produced very favorable results 
agriculturally. 

Similar work has been started in Sanilac county this spring. However, 
economic conditions are somewhat adverse to arousing interest in this work. 
The price of tile has not become adjusted to the prices for farm crops and the 
farmer is naturally somewhat slow to purchase tile under present conditions. 
However, three or four demonstration plots have been lined up in that county 
and one meeting has been held and we expect by continuing this work we will 
arouse more interest in drainage. 
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Household engineering. 

During this winter and spring, a model of our septic tank has been devel- 
oped, and ten of these models have been placed with county agents. It is 
hoped that with the use of these models it will assist the county agents in 
explaining the construction and operation of the tank as well as assist those 
interested in building a tank. It is the plan to have these models passed 
around to the agents as they have occasion to use them. Already they have 
been made use of by fourteen of the county agents. Eleven demonstration 
septic tanks were constructed and about 200 plans were sent out. Plans 
were also prepared for a number of water systems and small water power 
plants. 


MARKETING ORGANIZATIONS. 


~ 


The work of the Markets department during the fiscal year was continued 
along the line of the policy to which the department has been committed 
for several years. This policy being simply, that, in response to demand 
from farmers for assistance in their marketing problems, efforts are made 
to organize farmers into permanent and substantial institutions for the 
purpose of undertaking any marketing or distribution functions which they 
may deem desirable or necessary. 

This work may be divided into three classes: 


(First) Assistance to a local corporation of farmers in establishing a local 
cooperative institution. : 


(Second) The combining of these local organizations into state or district 
commodity exchanges for the purpose of taking over some of the certain 
marketing or producing functions which the local associations have in com- 
mon. 


(Third) The working out of a comprehensive plan for uniting and har- 
monizing the commodity exchanges in the State through the Michigan State 
Farm Bureau and the re-organization of the latter in order to assume the 
coordinating functions of the commodity exchanges as well as the general 
state-wide activities for which the Farm Bureau was originally intended. 


The assistance given to local organizations has covered ‘practically all 
types, including cooperative elevator, potato, fruit and live stock associa- 
tions, cooperative creameries and milk shipping and distributing associations. 
This work consists in the formulation of the proper working basis or by-laws, 
a cardinal feature of which is contractual relations. The adequate financing 
of local organizations is also a major problem in the solution of which assist- 
ance from the Markets department is being continually solicited. The 
general theory of cooperative enterprises in contra-distinction from capi- 
talistic types of organizations is given important consideration. 

The Michigan Potato Growers’ Exchange now includes approximately 120 
local organizations and has finished its third year of successful operation. 
This organization has handled a large percentage of the potato crop of Michi- 
gan and is without question the most important factor in the distribution of 
that crop. The institution now has a surplus of approximately $70,000 and 
is in sound financial condition. 

The Michigan Live Stock Exchange now consists of 123 locals. This organi- 
zation has thus far devoted its attention principally to transportation and 
rate problems, but has been studying carefully the sales problem in receiving 
markets, with a view of taking over the sales service as soon as the directors 
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of this organization think the project feasible. An effort is now being made 
to organize a stock company for the purpose of going into the commission 
business in the Detroit market. The live stock shipments from cooperative 
organizations now greatly outnumber receipts from commercial drovers. 
This organization is slowly maturing and is already a substantial factor in 
the protection of the live stock interests of Michigan. 

The Fruit Growers Organization handled a very large volume of business 
during the last season and considerable progress has been made in maturing 
the present cooperative institution toward a more comprehensive and more 
powerful organization. Plans for the reorganization of the fruit interests 
have been carefully studied during the year. These plans include the uniting 
of the grape interest with the peach and apple growers’ organizations and the 
still further organization of the smaller fruit interests, including cherries, 
berries and other bush fruits. To these three divisions a still further project 
includes the organization of district wide canning corporations directly associ- 
. ated with the selling organizations to be still further supplemented by cold 
storage facilities which are to be used for pre-cooling and for temporary 
storage for tree fruits. Completion of this project would place the Michigan 
fruit interests in the foreground in point of comprehensive organizations. 

The principal attention of the Markets department, as regards commodity 
exchanges has been devoted to the completion of the Michigan State Farm 
Bureau Elevator Exchange. This organization was started during the year 
with an initial membership of 20 cooperative elevators and now has a total 
of 92 local members, with prospects of a total of 100 or over before the next 
annual meeting. This institution was like the Michigan Potato Growers’ 
exchange and the Michigan Live Stock Exchange, without proto-types and 
naturally many difficulties were encountered in setting up a new organiza- 
tion of this type, for which there were no precedents. The Elevator Exchange 
is now, without question, the largest factor in handling the grain of the State 
and is generally considered by all concerned as being remarkably successful. 
The total volume of business for the month of June was approximately 
$600,000. The estimated savings for-cooperative elevators, on the basis 
of its present volume, is approximately $100,000 per year. 

The problem of developing some working arrangement between the Michi- 
gan State Farm Bureau and the several commodity exchanges in the State 
has been very difficult and has required more time and attention than all 
other marketing problems in the State combined. 

The rather unique ambition of the Michigan State Farm Bureau to take 
on extensive economical activities, brought it into more or less direct conflict 
with the commodity exchanges already established, due to the co-extensive 
character of these organizations. The farm bureau as organized in Michigan, 
is of the mass type, being composed of all farmers without regard to the vari- 
ation of their agricultural interests. Its government is based on representa- 
tion from political divisions or counties. 

The commodity exchanges on the contrary are combinations of local associ- 
ations built around single or closely related commodity interests. These 
exchanges correspond largely to the districts or sections of the State best 
adapted to certain crops. 

As the Farm Bureau membership is co-extensive with the management of 
the commodity organizations, conflict would be inevitable, provided that 
some plan was not arranged to harmonize Farm Bureau activities with the 
other organizations. 

29 
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The following plan was developed which has for its purpose the uniting of 
the commodity exchanges with the Farm Bureau, allowing each exchange to 
participate in the management of the Farm Bureau by electing or nominat- 
ing a director and by providing that these exchange directors should con- 
stitute a majority of the Board, thus assuring a unified policy. 

The economic arrangement provides that each commodity exchange should 
have complete control of its own business activities, such as pertain exclus- 
ively to the commodity and that the exchanges should turn over to the Farm 
Bureau all functions that are state-wide in character or are common to all 
farm interests, such as legislation, traffic, general supplies, including feed, 
fertilizer, etc., and minor agricultural products. 

The plan was adopted at the last annual meeting of the Farm Bureau and 
representation on its government body was anticipated by electing com- 
mitteemen from the commodity exchanges. It is conceded that it will require 
another year before this plan can be thoroughly worked out. Further 
activities of the Farm Bureau provide for reciprocal relationship between _ 
commodity exchanges. .- 

During the year increasingly less attention has been devoted to the organi- 
zation of local associations by the Agent in Marketing and correspondingly 
more attention to problems of the commodity exchanges and the Michigan 
State Farm Bureau. 

POULTRY HUSBANDRY. 


The state-wide interest and enthusiasm manifested in economic poultry 
production has resulted largely from poultry culling work inaugurated in 1917, 
and maintained as the major extension project until the present time. 

Poultry culling demonstrations and demonstration farms have repeatedly 
shown that intelligent culling is a big factor in economic egg production. 
thirty per cent of the hens maintained on our Michigan farms are unprofit- 
able. This stupendous wastage can easily be avoided or reduced by elimin- 
ating according to physical tests as outlined in Extension bulletin No. 21. 
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| | | | 
= - * - No 
Edition. | Bulletin No. Title. | = Author. 
me 
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5 O00 (1 25 eo ee Ext. course notes ““Remodeling”. . - . - - | 2 | Home Econ. Dept. 
10,000 + aldron. 
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Title. County. 
Appointments. 
F. L. Simanton....... County Arent 2. 53.-5 =. 2: be tiing (a 1a ee eee 
Stanley F. Wellman...| County Agent............. 1B eae eee ae gee 
Clair Taylor.........- County Avent. e.).se. MGn Gait oe Nis ek 
V>C: Vaughan. .:.2 ..- CORNLG ALEDE so.) Lean 's = SECOUAHANES son Sy. ok eo 
Pagal He Smith: . 2... County Arent. jcs0-0566 25: Minsaukees soos > xs. 
Resale | COUNLY -APON bo c0. ccc 2 << sts Wienteaun es ee 
2h Jewell’: \..2:/.). -\- @Gounty Agent 56 oo sc6 Secs 5 Cheboygan... 2.0). 2h. 32 
W. Floyd Mamby....| County Agent............. EEO oa pe. ae 
OVS SNEAD 3.) oar os County Agent....5........ Shiawassee........... 
fe. Baileys... 22 2 County Apeut si. 220°. bana: CRBRRIONN OS  hraiae, Saree 
GM. MeCrary. ...-.- ColntyAgent. 2222. a2 Presque isle: 0242.3: 
Louise H. Campbell...| State Leader, Home Econ...|..................-.-- 
Harold Canfield...... Countyie nip: Leader: -2.3.. /| Macomb! ...0 505... 
Gra Ackley. < 225 ok County Club Leader....... Calhoun - ho cae as 
Mary V. Hall........ County Cink: Leader: +")... ("Tron =o 2c.se. 2 we dee 
Wm. C. Boman...... County Club Leader....... WAVES cae = icra aeeiele.s 
‘T. A. Farrand........ Specialist) Horticulwre. ev. wen. cle ead ose ee 
Resignations. 

IMS ANEIOTE (ASS; 1) | CONRLY APODE fonts ale ocx 6 ol Seoe ae + Sa wrals s Diew.e waa oars 
H. L. Barnum....... (CountyeAcent 3 Oo. oe oe Whisker. 5 Ses os 
Gittord Pateh, Jr... ...)| County Agent... ....2..... Montealm 5 25 9,3 455. 
La ELS eS oe Coty; Avent }o- 2 2. Grand Traverse....... 
e.-t. Bishop. -.,. <=. = County Arent ia o..eoca es PRET 4a SS cites aipiaie 
‘3 CB eee ae et Mownty Arventy 3355 6c..25 2 Miarskeror = Soe 2 
Cor BIOEGY 553: - 2s SOMNLY ALONE. 62>. ar. eS aan. 2 SACO Eee a te ee 
H. E. Dennison...... Ceunty Arent 223% 2 s.0-ca24 Shiawassee. .......... 
EE. S. Brewer......... Commtyo Arent. .2.25..72)..: Presque isle. 6220 asc 
Coral Havens........ Specialist, Home Economics, 

‘ DOMPRE SRIGNCE) Jao. ote chet sane a ce ase eg 
Grace Hitchcock..... Home Dem. Agent........ Otlawaices = sot ook 
Clara Waldron...,... Home Dem. Agent........ St Glare. Spe wach 
Flora McElhinney....| Home Dem. Agent. HOUPILON ES, 5 it LAs: 
Wm. Anderson....... Ass’t Boys’ a Garis’ Clubs pis he. ees 
Marearet Hutty.>...:| Asst Boys’ and Girls’ Clubs|....... 2.02. 0.....22.04 
GO: Stewart...20 :..!s; County Club Leader....... WAVIIGR. 2 eos 
1S ae County Club: Leader... ... .| Genesee. 5.022.252... 
owe Wald. 5 6. oo Specialist, Potatoes and 

WECi alone rent ee at in ac eee crs Selanne OPe.2 oe 
i. Baviler. ... .5..:. Field Agent in Markets Or- 
PRRTIUZ ARTO ae ae ee ee ate Les. Sealetotens ies terse eeie fee 
Agents transferred. 
e O23 6 County Agent............. Tron to Muskegon..... 
ae. MeMurtry. -.... Connty-Acent-—.0232.0 08 2. Cheboygan to Midland. 
Gizit PEAVION. =>. > 28 County Agent. 2.2). 3. 2 Montcalm to Newaygo. 
C. M. Kidman....... County, Agent: 5. dos ee Cass to St. Clair...... 
pia, WOMHZE..... 2 ComitysAgent xe 2.7028 2.2 Chippewa to Cass..... 
B. O. Hagerman...... County Club Leader....... Houghton to Washt’n’w 
(Death of E. L._ Lyons, 
former Club Leader, Sep- 
tember 1, 1920) 
ia Pickford: . 542.2 Specialist, Horticulture.....| to Oceana............ 
EP ML NOG. +2 'a-"- - - Farm Manag. Demonstrator| to College Department. 


Gittord Patch: :.. 2.2. County Arent 2.2 225 ee: Montcalm to Markets.. 


Date of appointment. 


July 1, 1920. 
November 1, 1920. 
November 1, 1920. 
December 1, 1920. 
January 1, 1921. 
January 1, 1921. 
February 15, 1921. 
March 10, 1921. 
March 1, 1921. 
May 1, 1921. 
May 15, 1921. 
December 1, 1920. 
December 1, 1920. 
January 1, 1921. 
March 1, 1921. 
May 1, 1921. 
January 1, 1921. 


June 30, 1920. 
September 1, 1920. 
September 1, 1920. 
October 31, 1920... 
November 1, 1920. 
November 1, 1920. 
February 28, 1921. 
February 28, 1921. 
April 30, 1921. 


June 30, 1921. 
October 31, 1920. 
December 31, 1920. 
February 28, 1921. 
December 31, 1920. 
February 28, 1921 
April 30, 1921. 
June 1, 1921. 


April 1, 1921. 
June 30, 1920. 


November 1, 1920. 
November 1, 1920. 
January 1, 1921. 
March 14, 1921. 
June 1, 1921. 
January 1, 1921. 


November 1, 1920. 
January 1, 1921. 
September 1, 1920. 
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The following is a statistical summary for the year as reported by project 
leaders. Duplications are unavoidable where more than one worker reports 
on meetings. 


Number.ot Tarim ovishisecnatec. a ae a. sees amare 18 ,566 
Number of demonstrations: <2 <1 eek ete ee 745 
ATLCNOAMCEe nese ree oer ee ae Cin eee ee ee 17 ,973 
Number of lecture meetings: £25. s sc +. teenie 5,930 
ATPENOANCEs F550 connecter Ae bn chee 321 ,882 


The material of the foregoing report is quoted largely from annual reports 
submitted by department heads and extension specialists. 
Very truly yours, 
R. J. BALDWIN, 
Extension Director. 
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SWEET CLOVER 


Circular Bulletin No. 46. 


C. R. MEGEE, FARM CROPS SECTION. 


Sweet clover is rapidly gaining in favor in Michigan as a crop for build- 
ing up soils low in fertility and organic matter; also for pasturage, hay, and 
as a seed and honey crop. When properly nandled it furnishes: abundant 
pasturage from early spring until late fall and seldom causes bloat. Though 
stock may not at first take readily to sweet clover, they will become accus- 
tomed to it if fed no other forage or roughage for a few days. On account 
- of its sueculence cattle often times crave dry roughage while being pastured 
on this crop. 

Sweet clover will grow on soils that are quite low in fertility and deficient 
in organic matter, provided they are well supplied with lime. For this 
reason it is one of the best crops for building up light soils or poor heavily 
cropped soils that are low in fertility, whether the soil is light or heavy. If 
used as a green manuring crop it should be plowed under just before bloom, 
since at this stage the plant is full of water and decay will be rapid. Sweet 
clover as a green manuring crop has another advantage in that it decays 
much more rapidly than do many other crops when plowed under. 

When properly handled, sweet clover hay contains practically as much 
digestible protein as alfalfa and more than red clover. The quality of milk 
produced when the hay is fed to cows is approximately the same as when 
other legumes are used, according to U. 8. Farmers’ Bulletin No. 820, 

The yield of seed secured per acre is quite high when compared with alsike 
and red clover. When sown broadcast a yield from three to five bushels 
of seed per acre is not uncommon and when drilled in 32 inch rows yields 
of from 8 to 10 bushels are sometimes secured. 

Sweet clover has long been recognized by bee-keepers as one of their val- 
uable sources of nectar. The period of nectar secretion usually follows that 
of white and alsike clover. The honey from white sweet clover is light in 
color with a slight green tint and the yield is heavy. 


VARIETIES OF SWEET CLOVER. 


There are four important varieties of sweet clover. The white biennial 
is the one commonly referred to as ‘‘sweet clover’’ and has proven much 
better adapted to Michigan conditions than either the yellow biennial or 
yellow annual. The white biennial has a white blossom, an upright habit 
of growth, and matures seed the second year. The yellow biennial has 
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yellow blossoms, finer stems, is much more decumbent in habits of growth, 
and only yields from one-half to two-thirds as much as the white biennial. 
Seed of the white biennial is oftentimes adulterated with seed of the yellow 
biennial. This adulteration may be distinguished by the dark purplish - 
green mottling and oftentimes purplish green spots on the seed of the yellow 
biennial. The yellow annual is a small erect growing plant, producing seed 
the first season and should not be sown in this State because of the very 
small growth secured. The seed of the yellow annual is much smaller than 
that of the other sweet clovers. 

Seed of the white annual or ‘‘Hughes Sweet clover’’ (trade name Hubam 
Clover), is now being distributed over the State and shows promise of be- 
coming a valuable crop. 


LIME 


Satisfactory yields are very seldom secured on acid soils. Even though 
the stand may be fair at first the plants will be stunted in growth and but 
a small amount of hay or pasturage secured. When the soil is in this con- 
dition it usually requires from one to two tons of ground limestone or from 
two to three cubic yards of marl to secure good results. 


INOCULATION. 


Since inoculation enables the plant to make use of atmospheric nitrogen 
it is very important to inoculate on soils low in organic matter and nitrogen. 
There are several different methods of inoculation. The pure culture and 
soil methods are the simplest and easiest to apply. Pure culture may be 
secured from the Department of Bacteriology, Michigan Agricultural Col- 
lege, East Lansing, Mich. The price is twenty-five cents per bottle and one 
bottle is sufficient for a bushel of seed. Directions for application accom- 
pany the bottle. 

When it is not possible to secure the pure culture, very good results are 
usually obtained by the soil method. Dissolve one and one half ounces of 
carpenter glue in a quart of water and sprinkle over the seed which has been 
spread out on a smooth floor. Stir the seed and then scatter over the seed 
about a quart of soil that has been recently obtained from a sweet clover 
or alfalfa field where the roots have an abundance of nodules. Inoculation 
may also be made by broadcasting from two hundred to three hundred 
pounds of surface soil taken to a depth of three inches from a well inoculated 
field of sweet clover or alfalfa. The soil should be applied on a cloudy day 
or in the evening and immediately harrowed in. 


SEEDING. 


A greater growth and more lasting stand is usually secured by seeding in 
the early spring on a well compacted seed bed. Loose seed beds are responsible 
for many failures. Sweet clover may be seeded in the early spring on fall 
sown rye or wheat, or seeded with barley or oats. Only three-fourths of 
the usual amount of oats or barley should be sown when used as a nurse crop. 
From 12 to 15 pounds of scarified sweet clover seed per acre is usually suf- 
ficient to give a good stand. Scarification is important because the seed 
coat of the sweet clover seed is quite impervious to water and retards germi- 
nation. From 16 to 18 pounds of unscarified seed or from 22 to 24 pounds 
of unhulled seed is usually sufficient to secure a stand. 
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On heavy fertile soils, sweet clover when seeded at the same time as the 
oats, sometimes makes sufficient growth to make difficult the curing of the 
grain. On this type of soil it is advisable to seed the sweet clover two weeks 
later than the oats. 

HARVESTING FOR HAY. 


The stage of growth at which sweet clover is cut has a great influence 
upon the quality of hay secured. Jé should be cut just before the blossom 
buds appear. After this stage sweet clover becomes very woody, the leaves 
fall off, and a very poor quality of hay results. When grown alone on fertile 
soils it is sometimes possible to secure a crop of hay the first season. The 
only precaution necessary is to cut early enough so that approximately 
from four to six inches growth will be made for winter protection. 


The time and height of cutting is very wmportant. Sweet clover does not 
propagate the second year from a crown as does alfalfa, but propagates 
from buds in the axils of the leaves on the lower portion of the stalk. Con- 
sequently if the first cutting is made below the young branches which bear 
the leaves, a second crop will not be secured. If the cutting is made just 
before the blossom buds appear the proper height will be about six inches, 
if however the plants are allowed to come into bloom it will be necessary to 
cut ten or twelve inches high in order that a second crop may be secured. 
If a ten inch stubble is desired it will be necessary to replace the shoe soles 
of the mower with higher soles which may be made of strap iron at any black- 
smith shop. 

HARVESTING FOR SEED. 


The best implement to use in harvesting sweet clover for seed will depend 
upon the growth made. If the growth is not too rank and heavy, the grain 
binder may be used. However, if very rank the corn binder will give better 
satisfaction. A three foot swath may be cut with the corn binder by placing 
ten inch extensions upon the dividers. The mowing machine causes great 
loss through shattering and is not satisfactory. A sweet clover plant does 
not mature all of its seed at one time; consequently, the proper stage to cut 
is when three-fourths of the seed pods have turned brown. 

Sweet clover may be threshed with the ordinary grain thresher. If very 
dry most of the seed will be hulled; if shghtly damp but very few seed will 
be hulled. When the grain thresher does not remove the hull it may be 
hulled with a clover huller or scarifier. Due to the greater capacity of the 
grain thresher it is better adapted for threshing sweet clover than the clover 
huller. 
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HUBAM CLOVER 


(Hughes Annual White Seed Clover) 


Circular Bulletin No. 45. 


J. F. COX, F. A. SPRAGG AND E. E. DOWN, FARM CROP SECTION. 


Great interest is being taken in the new annual white sweet clover. Judg- 
ing by results secured at the Michigan Agricultural College and at various 
points over the State, this new crop may become of importance in Michigan 
as a short season hay and pasture crop and as a crop to use in soil improve- 
ment. It is apparently well adapted to growing on light loams and may be- 
come a valuable crop on Michigan sandy loams and light loams deficient 
in organic matter. Bee men are also interested in the honey possibilities of 
this crop. 

The possible agricultural value of the annual white sweet clover was first 
seen by Professor H. D. Hughes of the lowa Experiment Station, who noticed 
annual plants in seed of sweet clover secured from Alabama. Mr. J. W. 
Nicolson with approval of Professor Hughes suggests the name ‘‘Hubam’’ 
as appropriately recognizing the discoverer and the source. 

In 1918 Professor Hughes sent the Michigan Agricultural College a small 
envelope containing 100 seeds. This small amount was carefully increased. 
Enough seed was produced in 1919 to plant five and one-half acres at the 
Michigan Agricultural College, and a like acreage at various points over the 
State during the past season (1920). The college increase yielded approxi- 
mately eight bushels per acre. 

The G. R. & I. Sub-station at Howard City on a light sandy loam three- 
fourths of an acre, gave a yield of slightly over 10 bushels of unhulled seed, 
which cleaned to three bushels per acre. On the farm of Mr. Olaf Nelson 
of Aloha, Cheboygan county, an acre gave a yield of three bushels. Mr. 
L. L. Lawrence of Decatur, Van Buren county, secured 100 seeds from 
Professor Hughes three years ago, and harvested this year 157 pounds of 
cleaned seed. At the Chatham Experiment Station in Alger county, Upper 
Peninsula, the Hubam clover failed to mature seed, but produced an excellent 
forage growth. 

In all cases observed the annual sweet clover, planted in early spring, 
produced an excellent forage growth by mid-July—a growth which apparently 
would yield from one and one-half to two tons of hay. It is finer stemmed 
and finer leafed than the common sweet clover. During the coming season 
the Farm Crops department will carry on experiments to determine the value 
of this crop seeded with small grains, grown alone for forage, pasturage, soil 
improvement, and seed purposes. 


THE DISTRIBUTION OF SEED. 


The supply of seed of this new crop is far from sufficient to meet the demand. 
The commercial price in the spring of 1921 ranged from $5.00 to $8.00 per 
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pound. The Farm Crops department is planning to distribute a large 
part of the recent increase to members of the Michigan Crop Improvement 
Association. It is important that the Hubam Clover be grown under a 
system of registration and field inspection, since there is apparently no way 
of telling its seed from that of the biennial type of white sweet clover. 

Mr. J. W. Nicolson of the Farm Bureau Seed Department, Lansing, Mich., 
states that he will install machines for hulling, cleaning and scarifying the 
unhulled seed at service cost. 

The Farm Crops department is charging $1.00 per pound for the seed to 
members of the Michigan Crop Improvement Association. Those who are 
interested in securing a small envelope of the Hubam Clover for trial can 
secure same on request, free of charge, from the Farm Crops department of 
the Michigan Agricultural College, East Lansing, as long as the supply set 
aside for this purpose holds out. 


THE PLANTING OF SEED. 


In planting for seed purposes it is reeommended that seeding be made on 
corn, bean, or potato ground, or fallowed land which is in a firm, clean con- 
dition. If the soil is acid from-one to two tons of finely ground limestone 
or several cubic yards of marl should be applied. Acid phosphate at the rate 
of two or three hundred pounds per acre will increase yield and hasten ma- 
turity. 

Seed should: be inoculated with culture which may be secured from the 
Department of Bacteriology of the Michigan Agricultural College, East 
Lansing, Mich. The price is 25 cents per bottle and one bottle contains 
sufficient material to moculate a bushel of seed. Directions for application 
accompany the material, which is the same furnished for biennial sweet 
clover. 

From one to two pounds of seed per acre, when drilled in rows 28 to 32 
inches apart, about the middle of April, will apparently give maximum seed 
yields. The experience of the College indicates that one pound of seed per 
acre is enough, if properly planted. Care must be taken not to bury the 
seed, covermg it as lightly as possible. Difficulty has been experienced in 
regulating the drill to sow the proper amount and therefore it is always 
necessary to test the drill on the floor, or on a sheet to insure a drop of one seed 
each inch, on an average, along the row. A Planet Junior, Columbia, or 
other type of garden drill may be used, and some makes of grain drills can 
be employed, using every fourth drill hole with cardboard partitions in seed 
box. 

Other makes of grain drill will handle the seed in small enough quantity 
only through the seeder attachment. In that case the seed must be directed 
into the hoes and not sown broadcast. Seed may be mixed with cornmeal 
if the drill cannot be properly regulated for a small amount of seed. Most 
edge drop corn drills can be adapted to plant sweet clover, but not by means 
of the corn plates, as they are too thick. Most manufacturers make thinner 
plates to handle sorghums and other small seeds. These have an extra 
ring or plate to take up the extra space. For planting sweet clover with a 
plate three-sixteenths of an inch thick, there needs to be between 20 and 32 
one-eighth inch holes. Two plates are needed. 

During early growth the crop should be given clean cultivation with corn 
cultivator and weeded with hoe. Careful hand weeding as early as possible 
is essential to success in seed production. 
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Harvesting is best accomplished by the use of an upright type of corn 
binder, doing the work in early morning or on days when the crop is damp, 
in order to avoid shattering. Seed matures in late September or early Octo- 
ber. The crop requires about 150 days between seeding and harvest. 

It is important not to have more than half of the seed pods brown at the 
time of harvesting, as the best seed will easily shatter in the wind and be lost 
It appears that when half of the seed pods are turning, the remainder will 
ripen satisfactorily in the shock. A satisfactory shock is of the long type, 
placing four bundles abreast instead of two. They stand up nicely and the 
bundles dry thoroughly. 

Threshing is performed with an ordinary grain separator, the seed being 
hulled and cleaned by use of cloverhuller, scarifier and fanning mill. The 
Farm Bureau Seed department will hull, clean and scarify seed as it comes 
from thresher at cost charge. 

There is not enough of the Hubam clover seed for forage or soil improve- 
ment purposes, other than experimentally this year. The present seed 
demands apparently warrant its production for seed purposes. It is very 
possible that this crop may become a highly important one in Michigan 
crop rotation, particularly on light soils. 

Those desiring inspection of crop in field before harvest should notify 
Secretary A. L. Bibbins, of the Michigan Crop Improvement Association, 
East Lansing. 
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Map showing location of Michigan beet sugar factories and leading production areas. 
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MICHIGAN’S SUGAR FACTORIES 


Columbia Sugar Company, 


Bay City, Mich. 
Mt. Pleasant, Mich. 


Continental Sugar Company, 
Blissfield, Mich. 


Holland-St. Louis Sugar Company, 


Holland, Mich. 
St. Louis, Mich. 


Independent Sugar Company, 
Marine City, Mich. 


Menominee River Sugar Company, 


Menominee, Mich. 


Michigan Sugar Company, 


Bay City, Mich. 
Alma, Mich. 
Caro, Mich. 
Carrolton, Mich. 
Croswell, Mich. 
Sebewaing, Mich. 


Mt. Clemens Sugar Company, 
Mt. Clemens, Mich. 


Owosso Sugar Company, 


Lansing, Mich. 
Owosso, Mich. 


West Bay City Sugar Company, 
West Bay City, Mich. 
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SUGAR BEET GROWING IN MICHIGAN 


Special Bulletin No. 106 


J. F. COX and E. B. HILL, FARM CROPS SECTION 


The production of sugar beets is one of Michigan’s stable industries. 
It returns the growers, annually from $9,000,000 to $11,000,000 and re- 
quires a standing investment of over $30,000,000 in factories and equip- 
ment for sugar manufacture. Climatic conditions, proximity of markets 
and good transportation facilities prevailing throughout lower Michigan 
and the southern part of the Upper Peninsula are generally favorable 
to sugar beet production. 

During average seasons an ample supply of properly distributed rain- 
fall is assured, and the characteristic long summer days furnish ample 
sunlight and the right temperature (about 70% Fahrenheit average 
during June, July, and August) for the development of large yields of 
beets with a high sugar content. While the industry is substantially 
developed on suitable soils, it can be largely expanded to include ex- 
tensive areas of adapted soil, not at present producing beets, in regions 
of proper climatic conditions, if expansion is encouraged by economic 
conditions. 

The accompanying map shows the location of important Michigan 
sugar beet producing areas, and of beet sugar factories now in opera- 
tion. Michigan ranks third in the United States in importance as a 
sugar beet producing state. It is the leading state in sugar production 
east of the Rocky Mountain region. Mr. V. H. Church, Crops Statis- 
tician of the U. S. Bureau of Crops Estimates, Lansing, Mich., gives the 
following statement of the yield and value of the Michigan sugar beet 
crop for the years 1909 to 1919: 


MICHIGAN’S SUGAR BEET CROPS—1909 to 1919 


————— SE 


Average Total Total Average 

YEAR. h ae 4 yield per production, uae value, value 

BLVESIEC: acre. (000 omitted). BrIce (000 omitted). per acre. 

Acres. Tons. Tons. Dollars. Dollars. Dollars. 
POD eet ts oer ER tae ce 78,779 9.0 708 5.22 3,696 64.98 
ON (Set Se eee eee 117,500 10.3 1,208 6.00 7,248 61.80 
145,837 9.9 1,444 5.74 8,289 56.83 
124,241 6.8 839 5.69 4,774 38.69 
107,965 9.0 955 5.93 5,663 53.37 
101, 263 8.5 857 5.23 4,482 44 45 
122,000 8.2 998 5.91 5,898 48 .46 
99,619 5:5 544 6.14 3,337 33.77 
82,151 6.4 462 8.04 3,714 51.46 
114,976 7.9 890 10.08 8,971 79.63 
123 ,375 9.82 1,211 12.52 15, 158 122.86 
INV ELAGC Fie oes. eoseite 110,700 8.3 920 6.95 6,476 59.66 
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In 1920, Michigan produced 129,400 acres of sugar beets which gave 
an average yield of 8.6 tons per acre and a total production of 1,106,000 
tons. The average price per ton December 1st was $10.00, giving a total 
value of $11,060,000—an average of $85.47 per acre. 


Sugar beet production and beet sugar manufacture are stable Michigan industries. 
Michigan ranks third as a sugar producing state. 


THE SOIL FOR BEETS 


Beets do best on fertile well drained loam, silt loam, and elay loam 
soils. Light loams and sandy loams will produce beets of high sugar 
content, but will not usually yield a sufficient tonnage per acre to justify 
expansion of production on these soils, except in cases where such soils 
are in an unusually high condition of fertility. 

_ Certain muck soils tend to produce beets of a comparatively low 
‘sugar content, though yields may be good. If properly fertilized with 
potash and phosphoric acid, such soils may produce sugar beets. of ac- 
ceptable quality. It is the opinion of the Farm Crops department that 
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past experience in growing beets on muck land will hardly justify the 
inclusion of this type of soil in the area of soil best suited to extensive 
development for profitable sugar beet production. Investigation which 
may afford us more definite facts relative to growing beets on muck, are 
now under way by the Soils department. 


Sugar beets do best on fertile, well drained loam, silt loam and clay loam soils. Fall plow- 
ing to a good depth and thorough fitting provides conditions for the development of the 
best type of beet root. 


Expansion in sugar beet growing when advisable should be directed to 
occupy additional areas of fertile and well drained loams, silt loams, and 
clay loams—soils which give both a high yield and a desirable sugar con- 
tent, and of which extensive acreages are available. In addition there 
are large areas of poorly drained land of similar texture, adapted to beet 
growing when drained. The adequate drainage of such soils, now with- 
held from profitable sugar beet production due to poor drainage, would 
provide for a large expansion of beet growing under excellent soil and 
climatic conditions. Few crops will as rapidly repay the expense of tile 
drainage where needed as will the sugar beet crop. 


PREPARING LAND FOR BEETS. 


Fall plowing to a good depth is conceded to be the best initial prepara- 
tion for large sugar beet yields—the depth varies with soils—but under 
average Michigan conditions from 7 to 10 inches is considered sufficient. 
Do not plow more than three-quarters of an inch to one inch deeper 
than the usual depth at any one plowing. Increase the depth of plowing 
gradually—not all the same year. Fall plowing provides for the thor- 
ough settling of the furrow slice, and exposes the soil to winter action, 

31 
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Tile drainage in- 


locality below. 


in same 


Well drained field 


Poorly drained field above. 


creases yields and insures the crop during wet seasons. 
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which controls insect pests and insures a proper mellowing. Fall plowed 
land is usually in condition to be readily worked into an excellent seed 
bed at an early date the following spring. 


Fall plowing to good depth is the usual practice among good beet growers. 


Where spring plowing is necessary it should be done as early as pos- 
sible. Discing before plowing in the spring is a great aid in preparing 
land for beets. The loose ground on the surface from the discing helps 
to fill up the furrow bottom with fine material and thus makes it easier 
to prepare the seed bed. In view of the shorter period of time available 
for weather action spring plowing should not be so deep as fall plowing. 
It is not advisable to mix the sub-soil with the furrow slice in the spring; 
hence plowing should not be greater than the usual depth. After corn, 
potatoes, or beans, spring plowing to a medium depth is sufficient to 
provide proper conditions for the preparation of a good seed bed. For 
rapid and full development, beets need deep, easily penetrated, but not 
loose soil conditions. The surface must be worked into as near a “garden 
condition of tilth” as possible, in order to provide the best conditions 
for seedling development. 
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FERTILIZING THE BEET CROP 


Under average Michigan soil conditions, sugar beets respond best to 
substantial applications of fertilizers high in phosphoric acid and potash. 
Growers report good results from the use of 300 to 500 pounds per acre of 
a complete fertilizer such as 2-12-2 or 2-10-4 or a like amount of acid 
phosphate. When this amount of fertilizer is used, it should be applied 
broadcast when fitting the seed bed, or harrowed in just before planting. 
When smaller applications, 100 to 125 pounds per acre are made, the 
fertilizer should be applied in the row usually with a special fertilizer 
attachment on the seeder. The common practice, which is a poor one, 
is to apply too little fertilizer of a low analysis for maximum returns 
per acre. 


‘Sugar beets respond profitably to the proper use of fertilizer. 
600 Ibs. of 2-10-4 on right corner. 

600 lbs. of 2-10-4 and manure in back ground. 

Nothing on lower left corner. 


Barnyard manure is the most common fertilizer used on the farm 
today. It is very valuable in the production of a good crop. Barn- 
yard manure, which has been applied the spring or fall the year previous 
to planting beets, gives the best results. Spring application of fresh 
manure immediately before planting is not recommended for several 
reasons: (1) The beet plant is not able to make the best use of this 
manure as it is not immediately available. (2) Heavy application of 
fresh manure may cause short, prongy, low yielding beets. (3) The 
spring top dressing of fresh manure, in many cases, is also a top dress- 
ing of weed seeds. This greatly increases the amount of labor necessary 
to care for the crop. Well rotted manure may profitably be applied in 
the spring. 

Manure furnishes innumerable very valuable bacteria to the soil and 
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it also supplies a large amount of food for the bacteria with the result 
that the plant food is made available for the beets. It is best applied by 
means of a spreader at the rate of 8 to 12 loads per acre. 

Manure should be supplemented with an application of acid phosphate, 
as above recommended, or of fertilizer high in phosphorus. As the price 
of potash declines, its use may again become more general. 

On soils which are acid, sugar beet refuse lime at the rate of one to 
three tons per acre, or one to two tons of ground limestone applied in 
rotation, when fitting seed beds for corn or beets, will increase beet 
yields directly, and markedly increase the yields of clover and alfalfa 
following in rotation, thus providing a greater residue of organic matter 
and nitrogen, improving both the fertility and structure of the soil. 


Heavy applications of commercial fertilizer pay well on beets. Fertilizer is conveniently 
applied when fitting the seed bed. 


Refuse lime may be secured from the sugar companies. This lime is as 
good as can be secured for use in correcting soil acidity. On account of 
its physical condition, being somewhat moist and occasionally lumpy, 
it will not work through a lime distributer. Distribution is made from 
the wagon or piles by means of a fork or shovel or with manure spreader. 
The best time to apply this lime is in the fall or winter when the snow 
is not too deep. 

The following table gives the analysis of two fairly representative 
samples of sugar beet factory refuse lime. Analysis made by Prof. A. J. 
Patten, Experiment Station Chemist. 


Contents. Sample No. 1. Sample No. 2. 
VETS EITC ates Ny sree a stern satchess, Pike cc atadonatenevars tal tence epevieisesyens Sie AOMper CeNt, |e oa.a. cre ccse crete 
Calcium and Magnesium Carbonate. ...........2-s0csseecees 49.96 per cent 79.84 per cent 
NEE OP Clatercre lense titre anata ante coe RUUa reuse e Badedegsrncote ath ales bags egal erenanl .18 per cent .29 per cent 
PHOSDHOTICPA GICs (EL ZOND) ice iis crete clere ee cle enue a Oaata latel os sie a robe eloi@ .39 per cent .65 per cent 


EG fraASHe CEC O) erae cersitcrorcveis atavec ie eeciots Stee nle gual clevere site: o ov cicte. sieves .07 per cent .09 per cent 
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The wide variance in analysis is due mainly to the difference in mois- 
ture content. Sample No. 1 contained over 37 per cent water, while 
sample No. 2 contained practically no moisture. 

After the lime has served its purpose in the beet factory, in purifying 
the beet juices, it is washed out of the filter presses with large quantities 
of water. This thin mixture of lime and water is then run into a settling 
pond. Refuse lime taken directly from the settling pond is in rather 
poor physical condition with a great deal of moisture. A few factories 
have used their power shovel and transferred large amounts of this lime 
from the settling basin to piles on high ground. After remaining in 
these piles for two to five years, the lime has changed from a pasty 
condition to a drier mealy state, which is then in good shape for dis- 
tribution on the soil with a manure spreader, fork or shovel. 

In Europe, where the sugar beet industry has thrived for about 115 
years, the sugar beet growers are allotted refuse lime in proportion to 
the tons of beets delivered. There is a clause in their beet contract 
providing for their allowance of lime. All this refuse lime, at the 
European factory, is usually cleaned up by three weeks after harvest. 

Sugar beet refuse lime is a practical and cheap source of agricultural 
lime. Most sugar companies in Michigan make no charge for this lime 
in carload lots. The only cost to the beet grower is the actual loading 
charge at the factory and the freight to his station. The lime capacity 
of cars varies from 30 to 45 tons. Farmers may group together in the 
purchase of carloads. 

There are great piles of this material, valuable for the correction of 
our sour soils, that are standing, unused, at the various sugar factories 
in the State. This waste material if properly used would add greatly to 
our agricultural prosperity. 

Sugar companies also have each year a few car loads of fine dry air- 
slaked lime, which were not used in the purifying process. This lime ac- 
cumulates from the lime burners. It is usually in excellent physical 
condition. Its analysis would be about the same as the hydrated lime 
purchased from commercial lime concerns. 

In ordering carloads, it is first best to send for a sample, and thus 
avoid any misunderstanding. 


FITTING THE SEED BED 


The yield of beets depends very largely on the stand secured. A uni- 
form stand can only be obtained by planting on a well fitted seed bed 
and giving proper attention to thinning and cultivating. The seed 
bed is the foundation of a good stand. 

Fall plowed land can be fitted at an earlier date in the spring and 
offers a longer period for working into proper condition than spring 
plowed land. By discing, and harrowing frequently with a weighted 
spike tooth or a spring tooth harrow, such land can be best brought into 
a proper planting condition. 
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Spring plowed land should be firmed with a cultipacker or roller and 
harrowed immediately after plowing, and disced and harrowed at in- 
tervals until planting time. Discing before plowing improves the bottom 
of the furrow slice. The final fitting immediately before planting should 
be made with a spike tooth harrow or a heavy plank drag. Intensified 
effort in fitting the seed bed properly will be repaid by lessening the 
work of weed control after the crop is planted. 


Thorough fitting greatly lessens the eost of later weed control when crop is growing. 


PLANTING 


Comparatively early planting on a well worked seed bed gives best 
results in yield and quality. Planting should be begun as early in May 
as the seed bed can be brought into condition and becomes properly 
warmed up. The usual planting period ranges from May 5th to 20th but 
plantings may be made as late as early June, where early planting is 
impossible. 

The seed is drilled with a special beet drill, either a one, two or four 
row machine. The rows are usually from 22 to 24 inches apart and the 
seed is drilled at the rate of from 12 to 20 pounds per acre, according 
to the germination of the seed and the condition of the land. Rows 22 
inches apart give highest yields on fertile soils. The average plantings 
are at the rate of 15 pounds per acre. Care should be taken in planting 
at a uniform depth of about one-half to three-fourths of an inch. In cases 
where the seed bed is exceptionally dry, owing to spring droughts, plant- 
ing somewhat deeper—to one inch—may be advisable. 

The use of a cultipacker after planting and before the beets are up, 
is recommended for ground which has a tendency to bake or crust over. 
In some cases it is the only means of saving the crop. The machine 
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SUGAR BEETS REQUIRE 
A DEEP SEED-BED 


soswatuce tse 
oF, v. q 
se eaiee EO 


+PROPER FITTING = PERFECT BEETS 


va 


IMPERVIOUS LAYER DISTORTED BEETS 


Land for sugar beets should be plowed deeper than for most crops,—from seven to ten 
inches is considered sufficient. It is not best to plow more than three-quarters of an 
inch to one inch deeper than the usual depth, at one plowing. ‘This deeper plowing 
should be done in the fall. Spring plowing should be at the usual depth. 
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breaks and cuts the hard crust which enables the seedling to break 
through the surface of the soil, thus helping to save a good stand. 

The so-called sugar beet seed is a seed ball containing a number of 
individual seeds, several of which usually germinate, making it neces- 
sary to thin carefully by hand when plants are young. 

Sugar beet seed is usually supplied at cost by the sugar beet company, 
with whom the grower has a contract. Special effort is made to secure 
seed of high germination from high yielding strains which will produce 
sugar beets of high sugar content—an average of 13 per cent or above. 


Sugar beet seed starts best on a well firmed seed bed ia as near ‘“‘garden t lth’’ as possible. 


SEED PRODUCTION 


Before the war practically all seed: was imported, chiefly from Ger- 
many, most of it being of the Kleinwanzlebener variety. With the cut- 
ting off of the foreign supply during the war the home production of 
sugar beet seed became important, and several Michigan sugar com- 
panies produced one-half or more of the seed needed for their usual 
acreage. It was demonstrated that seed could be profitably produced 
by Michigan growers. 

At the present time sugar beet seed production in Michigan is being 
largely discontinued with the opening up of a cheaper foreign supply, 
and due to the fact that the breeding of suitable mother beets (stech- 
lings) was not developed as the foundation of seed production in Mich- 
igan. Such work is now under way at the Michigan Agricultural Col- 
lege and it is hoped that in the future the sugar beet seed industry in 
Michigan may make sound development with improved parent stock, 
selected for yield and high sugar content as a basis. A sufficient de- 
velopment in sugar beet seed production should be made in Michigan 
so that this phase of the sugar beet industry will be on a footing to de- 
velop rapidly and make the State independent of a foreign seed supply, 
should need again arise. 
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Sugar beet seed was grown successfully in Michigan during the recent war period. 


The future success of sugar beet seed production in Michigan will depend on a_ reliable source 
of high yielding mother strains of high sugar content. ‘The above picture shows a beet 
breeding plat at the Michigan Experiment Station conducted by Prof. F. A. Spragg. 
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BLOCKING AND THINNING 


The largest yield of beets of the right size for the highest sugar con- 
tent results when plants are spaced from 10 to 12 inches apart in the 
row. It is important that the thinning be started and completed as 
soon as possible after the beet plants are large enough to work, at 
which time four leaves have developed. Yields are often reduced when 
thinning is delayed. 

“Blocking” to tufts or bunches about 8 or 10 inches apart with a 
sharp bladed, seven inch hoe, is the first operation. The blade is drawn 
at right angles to the rows, beneath the surface of the ground so as to 
cut off the roots below the crowns. The bunches are then thinned care- 
fully by hand to one plant. ft is important that the strongest bunches 
be left in blocking, and that in thinning the bunches, the most vigorous 
plant be left in place. 


Careful blocking and thinning insures a uniform stand. ‘The grower shown above attributed 
his success in securing large beet yields to care in thinning the strongest plants and to 
careful fitting of the seed bed. 


Careful attention to blocking and thinning will be repaid by a much 
more uniform stand and increased yields. Labor is usually paid on an 
acre basis for this work and hence there is a tendency for many to pull 
the larger plants, which handle easier, and leave the smaller and weaker 
ones in place. A bonus is sometimes paid the laborer by the grower 
for an increase of yield over a certain tonnage per acre. Children, un- 
less carefully watched or instructed, are likely to reduce possible yields 
considerably by improper thinning. 
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HOEING AND CULTIVATING 


The first cultivation should come immediately before blocking and 
thinning. In about 10 days to two weeks after blocking and thinning, 
the first hoeing should be made, the dirt being drawn carefully around 
the plants without covering the crowns. Cultipackers and rollers are 
often used, with good results, after blocking and thinning to smooth 
over and level off the dirt hoed into the middle of the row. This makes it 
much easier to cultivate in the proper manner the first time after block- 
ing and thinning. Cultivation should be given every week or 10 days, 
until the beet leaves block the rows. Usually from four to six culti- 
vations and two hoeings are necessary to keep a beet field free of weeds. 
The first and second cultivations should be close to the plants and may 
be fairly deep between rows, but later cultivation should be to shallow 
depth, or not more than two or three inches deep, so as not to prune 
the feeding roots of the beet plant, which tend to interlace between the 
rows hear the surface after thirty-five or forty days’ growth. 


Clean cultivation is rewarded by thrifty growth and increased yields. 


The cultivation of the beets is best handled by the use of the regular 
two or four-row beet cultivator. Disc or knife weeders and deer tongues 
may be used for the first two cultivations. After that remove disc weed- 
ers and use knife weeders and deer tongues, or deer tongues alone. 
Duck feet should be used with care as they are apt to cover up the beets 
and weeds in the beet row, thus making it difficult to do the hand work. 

Beets should be cultivated once before thinning and four to five times 
after to keep the ground loose and retain the moisture. Do not be afraid 
to cultivate too many times. Many growers owe their good yields and 
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thus good profits to liberal and careful cultivation. Beets should not 
be hilled up, throw up just enough soil at the last cultivation to keep 
the top of the beet from being greened by the sun. A last cultivation 
should be made when the tops practically cover the row. Do not culti- 
vate too deep or too close to the row at this time. A few leaves may 
be broken off, but this slight damage will be more than offset by the 
increased yield due to the tillage operation. 

The careful grower cultivates close to the rows early in the season and 
gets all the weeds possible by means of machinery. Weeds should be 
thoroughly cleared out. 


HARVESTING SUGAR BEETS 


Since beets make rapid growth in the fall and store more sugar at 
that time, they should be left in the field until the right stage of ma- 
turity is reached. Maturity is indicated by the browning of the lower 
leaves, or by a wilted or drooping appearance of the plants. Tests of 
sugar content are made by factory experts, and notice is usually given 
to the grower as to when to begin harvest. Harvesting usually begins 
in late September and continues through October. A special harvest- 
ing implement, known as “a beet lifter” is used in raising the beets in the 
rows. Two types of beet lifters are in use. The older type has a single 
share which slides between the rows, slightly to one side, raising the 
beets during its passage; the other, a more efficient type, is equipped 
with two shares, which pass on either side of the row. Both implements 
raise the beets so that they are easily pulled by hand. 

After lifting, the beets are pulled by hand, care being taken to knock 
off clinging dirt by striking the beets together, a bunch in each hand. 

The usual practice is to throw the lifted beets from 16 to 18 rows 
into piles, the topping being done from the heaps so collected. A heavy 
regular beet topping knife is used in topping. The crowns are cut off at 
the base of the last leaf or slightly above the sun line. The topped beets 
are thrown into heaps and covered with tops to prevent excessive loss of 
moisture. As soon as possible they should be hauled to loading stations 
or factories to prevent drying and freezing. Repeated freezing and 
thawing makes sugar extraction difficult. 

It is important both to the grower and manufacturer that beets be 
carefully topped. The crown and leaves of the sugar beet are relatively 
high in potash and phosphoric acid, and by retaining them on the land 
or feeding on the farm, much of the mineral fertility contained in the 
beet crop is returned. The salts contained in the crown prevent the 
proper crystalization in the process of sugar manufacture. Considering 
this, and the fact that the sugar content of that portion of the beet above 
eround is low, it is apparent that careful topping must be insisted upon 
by the manufacturer, and he is fully justified in deducting the amount 
of tare due to poor topping. 

Average yields per acre range from 8 to 10 tons, but good growers 
frequently secure 12 to 14 tons and exceptional fields yield from 16 to 18 
tons per acre. 
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EXAMPLES OF ABNORMAL ROOT 
DEVELOPMENT OF BEETS UNDER 
POOR DRAINAGE CONDITIONS, 
SHOWING HOW ROOTS ARE 
MISSHAPEN AND THEIR GROWTH | 
STUNTED BY IMPROPER 
REGULATION OF SOIL MOISTURE — 


Poor ped beets are also caused by plow Eee a st igh s on r large amounts of bar 
yard manure, the seats aE apes They be for ved by improper fitting of 
eed bed or by a hardpan at the bottom of ne a satin 
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FEEDING BEET TOPS AND LEAVES 


Beet tops and leaves furnish excellent feed for livestock. When left 
on the ground they may be profitably pastured with cattle or sheep. 
Care should be taken to turn the animals on beet tops for only short 
intervals, covering a period of several days, until they are accustomed 
to the feed. Too much beet tops and leaves, especially when somewhat 
frozen, may cause dairy stock or fattening cattle to scour, though if fed 
judiciously, a large part of the ration can be made up of tops and leaves 
with excellent results. 


Wagon loads of beets are dumped at weighing stations by mechanical unloaders, which 
handle a load in from three to five minutes. 


A better method of using tops and leaves is to ensile them, since the 
tramping of the livestock and the pasturing on the field will cause a loss 
of one-half or more of the feed and may, in wet seasons, puddle the 
land. Shallow, well drained pits are dug to a depth of two or three 
feet; a foot of straw is placed in bottom and then a foot of tops and 
leaves thrown in, then straw and tops repeated alternately; the whole 
is then covered with a foot or more of straw and enough dirt to keep the 
pile from freezing. By building up with alternate layers of tops and 
straw, a foot in thickness, the tops keep better and a better quality of 
feed is secured. One-third of the ration fed to dairy stock or one-half of 
the ration fed to fattening steers may be made up of beet tops and crowns 
with good results. Beet tops when properly fed are an excellent feed 
to stimulate the milk production of the dairy cow. 
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SUGAR BEETS IN ROTATION 


The sugar beet crop is a valuable one in Michigan rotations on adapted 
soils. To produce a good crop of beets requires thorough fitting of the 
soil and careful cultivation, thus leaving the land in excellent condition 
without the need of plowing for a following crop of oats, barley, or 
spring wheat, or of rye, if the beets are removed sufficiently early. If 
the tops are returned to the soil, or manure from feeding the tops and 
pulp is applied to the land which produced the beet crop, less fertility 
is removed from the soil by beets than by any other Michigan cash crop. 


*MINERAL FOOD REMOVED FROM THE SOIL BY BEETS AND OTHER CROPS. 


oe rs Phosphoric 
Crop. Yield. . Nitrogen. Potash. ‘Acid. 

UPA DECES a ctesareua'er nate sels, aiedehe inva vet Srememanetiaises LO = 30.0 lbs. 70.0 lbs. 14.0 lbs. 
IPOTALTOCS os srodve Seite is baka e, aveoetetene Ae ouewsht bere tena 6k. 47 .Q ** 16.5 ** PAS ay os 
WMG ab eB nal hove tac tame es ene ouetaenen e tatorecotere tere 30 bu 48.0)""": 28.8 Ai bie 
TBATIOY, esis yacorte scents rons scice aie vats) @ leree eis oletanogao ate 40 bu 48.0 35.7 20.7 
OATS ee Bech entiest oaks ears a liotecoteie, BheteLaloien enatctene ts 45 bu 55.0 46.1 19.4 
Glia P ain Ole renIG OI Gore oom -o SiO etre 40 bu 56.0 23.0 21.0 


*From F. S. Harris, The Sugar Beet in America; Macmil‘an, New York. 


A ten ton crop of beets will contain approximately 70 pounds of min- 
eral elements (ash). From three or four tons of tops and leaves are 
produced containing 288 to 389 pounds of mineral elements (ash). From 
a fertility maintainence standpoint, it is important that the tops and 
leaves or manure produced from them be returned to the land. 

As a cash crop, sugar beets are among the most profitable from the 
standpoint of the returns per acre. They require, however, a large 
amount of hand labor and ample provision must be made to provide for 
handling the crop. 

It is usual for beets to be grown after corn, beans, or potatoes which 
leave the ground comparatively free of weeds. Clover sod plowed in the 
fall can be put in excellent shape for beets by proper fitting in the 
spring. Alfalfa or June grass (Kentucky Blue Grass) sods should be 
followed by a season in corn or beans before planting to beets, because 
of the expense involved in keeping down volunteer alfalfa or June grass. 

It is not a good practice to grow beets year after year on the same 
land. Not only is fertility depleted and the organic content reduced, 
but great loss can be expected, due to fungus diseases such as the 
leaf spot, and insect injury, particularly from the root nematode. 

Sugar beets are especially helpful in the rotation in cleaning up the 
land. The clean culture, hoeing and cultivating, given where beets are 
properly cared for, leaves the land in good shape for the following crops. 
When properly handled, farmers report success in controlling and eradi- 
cating quack grass by means of a beet crop. The important consideration 
in handling beets on land infested with quack grass is frequent and care- 
ful cultivation with a cultivator which will go close to the row and which 
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_ is equipped with the proper, teeth. If poor cultivations are made, it is 
impossible to expect the labor to do good hand work under such condi- 
tions. A spring plowing should be made on quack infested land which is 
to be planted to beets. The land should also be summer-fallowed to a 
shallow depth the summer before. Keep in mind that to compete with 
this weed the grower must expect to put in an extra amount of careful 
labor. 


THE FOLLOWING ROTATIONS INCLUDING SUGAR BEETS ARE SUGGESTED. 


A. First year—clover; 2nd year—corn, beans or potatoes; 3rd year 
—heets; 4th year—oats, barley or rye, seeded to clover. 


B. First year—clover; 2nd year—corn, beans, potatoes, or beets; 
3rd year—oats, barley, rye, or wheat, seeded to clover; 4th year—clover ; 
5th year—beets corn, beans, or potatoes; 6th year—oats, barley, or rye, 
seeded to clover. 


C. 1st year—corn, beans, potatoes; 2nd year—beets; 3rd year 
oats or barley, seeded to alfalfa; 4th year—alfalfa; 5th year—alfalfa ; 
6th year—alfalfa. 


A GOOD CROP OF GRAIN FOLLOWING SUGAR BEETS 


Beets fit well in Michigan rotations. The clean and deep cultivation required in growing 
a crop of beets, leaves the land in excellent condition for a following crop of small grain 
(oats, barley, wheat, or rye). Lifting and pulling the beets thoroughly works the soil, 
making plowing for following crop unnecessary. 


33 
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SUGAR BEET SUGGESTIONS 


Grow beets on fertile loams, silt loams and clay loams. 
Tile drain to increase yields and insure crop in wet seasons. 
Fall plow to good depth. 

Fit seed bed early and thoroughly. 


Plant early—early to mid-May—in average season, in rows 22 to 24 inches 
apart. 


Use enough fertilizer, 300 to 500 pounds of complete fertilizer or 300 pounds 
of acid phosphate with from 8 to 12 tons of well rotted manure per acre. 


Lime with sugar beet lime, marl or ground limestone in rotation. 


Thin carefully, blocking to vigorous bunches and thinning to strongest 
plant in bunch. Space plants from 10 to 12 inches apart. 


Cultivate and hoe often enough to keep free of weeds. 


Harvest when mature, as indicated by browning of bottom leaves and wilted 
appearance of plants. 


Grow in good rotation to conserve and build up fertility and prevent loss 
from insects and diseases. 


Feed tops and crowns and sugar beet pulp on the farm to conserve fertility. 


A modern beet sugar factory will handle from 600 to 1,500 tons of beets per day, during the 
season’s run of from 60 to 120 days 
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EUROPEAN CORN BORER 
Circular Bulletin No. 44. 


BY R. H. PETTIT, ENTOMOLOGICAL SECTION 


As near as one can judge at this time, the most serious pest that has ever 
threatened the agriculture of America is the European corn borer. The 
corn crop is a very important one with us and the establishment of this new 
enemy in the great corn belt will undoubtedly cause great losses and greatly 
increase the cost of producing a bushel of corn and therefore affect all of our 
agricultural operations. Michigan stands in the path over which this in- 
sect is advancing from Canada to the great corn belt. 

If we can retard or prevent the progress of this insect, we shall perform 
a patriotic duty of vast importance to the country at large, Michigan in- 
cluded. The European corn borer bores into the stalks, roots, ears, and cobs 
of corn and in celery, beets, fleshy and woody weeds like smart-weed, rag- 
weed and others of that sort. 

It is now established at St. Thomas, Canada, the nearest point reached 
in its western progress. It is also present in parts of New York, Pennsyl- 
vania, Massachusetts and New Hampshire. 

The finding of a larva boring in corn does not necessarily mean that it is 
the dreaded pest, but any such case is open to suspicion. 

Report any case of insects boring in any part of the corn plant to the 
Entomologist of the Experiment Station, East Lansing, Michigan, and do 
not try to send specimens unless so directed by that office. This is in order 
to avoid the risk of the package being broken in transit with the consequent 
liberation of the pest we are aiming to restrict. Furthermore a short de- 
scription of the work will help materially in dealing with the case. 

Address: R. H. Pettit, 
Section of Entomology, 
Kast Lansing, Mich. 
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FOREWORD 


The first three papers of this bulletin represent the results of the 
efforts of Dr. H. J. Stafseth on the abortion problem for the year 1919. 
It is proper to state that the author began this work immediately 
upon terminating his connection with the Veterinary Corps of the 
U. S. Army after being out of touch with the problem for over 
two years, and finished his work rather abruptly because of a 
leave of absence granted him to enable him to accept a_ veterinary 
position with the Norwegian Government. None of the problems dis- 
cussed in these papers is fully settled but for the reason indicated above 
it is thought advisable to offer this material for publication. Dr. 
Stafseth has made a distinct contribution to the scientific understand- 
ing of bovine infectious abortion as a result of his brief but careful and 
intensive studies. 

Mr. I. Forest Huddleson, now in charge of the abortion investiga- 
tions, is vigorously pursuing these same lines of research and reports 
on his findings in one of the projects in Part IV. 

WARD GILTNER. 
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STUDIES IN INFECTIOUS ABORTION 


Technical Bulletin No. 49. 
Pace ws 


BY H. J. STAFSETH AND I. F. HUDDLESON. 


On the presence of Bacterium abortus in the deeper layers of the 
mucous membrane of the non-gravid uteri. 


INTRODUCTION. 


The results of investigations on infectious abortion of cattle in- 
dicate that Bact. abortus may invade the uterus only during pregnancy 
and that after abortion or parturition it, disappears from this organ 
within a relatively short period. 

Cotton, W. E. (1) in 1913 stated that abortion bacilli may per- 
sist in the genital tract for as much as forty-six days after abortion. 

Schroeder, E. C., and Cotton, W. E. (2) (1916) killed naturally infect- 
ed, non-pregnant cows and examined the following organs, tissues and 
fluids for abortion bacilli: spleens, blood, livers, kidneys, brains, ovaries, 
uteri, udders, milk, synovial fluid from various joints, nerve tissues, 
lymph glands from all parts of the body ete. and found that in no case 
was Bact. abortus present in the uterus, “Although in all cases 
two or more quarters of the udder, the milk from the infected quarters, 
one or more supra-mammary lymph glands and in one instance some 
of the pelvic lymph glands were infected”. “Bact. abortus injected into 
the non-pregnant uterus disappeared in the course of a few days.” They 
add that one may find the abortion bacillus up to fifty days after 
abortion. 

Again in 1919 Cotton, W. E. (38) makes the following statement: 
“The organism disappears from the uterus within a few weeks, com- 
monly not to exceed two or three after abortion or parturition. It 
persists a longer time if the after-birth is retained than if the cow 
cleans properly.” The longest time this investigator found it to persist 
in the uterus was fifty-one days. In order to determine whether abor- 
tion bacilli might be discharged with the estral fluid, large doses of 
Bact. abortus were injected intravenously shortly before estrum. Subse- 
quent examinations of the estral fluid proved negative. 

The findings of Schroeder and Cotton were substantiated by Giltner 
and Bandeen, (4) who found that the Bact. abortus disappeared from 
the uterus within twenty-one to twenty-eight days after abortion or 
parturition. 

Thus, one may assume that the Bact. abortus does not permanently 
establish itself in the uterine cavity. However, knowing that cer- 
tain pathogenic micro-organisms exist in the deeper layers of the skin 
and in the crypts of the tonsils and intestinal mucosa without any 
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apparent or gross harmful effects, although the tissues which they have 
invaded are ordinarily susceptible to the infectious characteristics of 
such organisms, one might ask this question: Is Bact. abortus able to 
penetrate into the deeper layers of the uterine mucous membrane and 
to remain there as the cause of a latent infection? 

Hoping to throw some light on this question and incidentally fur- 
ther to substantiate the findings of other workers on the persistence 
of Bact. abortus in the genital tract, uteri from six cows, which 
were killed on account of failure to conceive, were examined in 
collaboration with Dr. E. T. Hallman of the Department of Animal 
Pathology. All these cows had aborted and came from herds badly 
infected with abortion disease. The complete history of each case 
will be included in a paper to be published by Dr. Hallman on the 
pathological side of this work. He (7) has already published a pre- 
liminary report on the pathology of, the reproductive organs in sterility. 
In this paper there are given descriptions of the macroscopic and mi- 
croscopic appearances of the diseased uterine mucosa and mention is 
made of the bacteria associated with the processes. In the present 
work the writer has attempted to make cultures from such portions of 
the uterine wall as are described by Dr. Hallman as being diseased. 

The number of cases examined is rather small due to the fact that 
the proper kind of material for such work is very scarce. In order that 
the findings should carry the most possible weight the cows should 
come from herds where abortion is prevalent; they should have aborted 
and preferably developed more or less complications. Subsequent to 
abortion they should be non-pregnant at the time of slaughtering and 
abortion should have occurred not less than two months previously. 
Furthermore, the uteri should reach the laboratory in the very best 
of condition in order to facilitate the examination and to ensure the 
most accurate results. From this one can readily understand that no 
great amount of material would be available. 


GENERAL TECHNIC. 


The uteri were examined immediately upon being brought to the 
laboratory in all but two cases which were brought in so late that they 
had to be placed in the ice box over night. The serous surface of the 
uterine horns was seared with a hot iron and an incision made through 
the horns with a sterile scalpel. Through these incisions swabs were 
taken from the mucous membranes of the horns. In case any pus or 
other exudate was present samples of such material were obtained by 
means of sterile swabs or pipettes. The horns were then opened and the 
surface of the mucous membrane seared as before. Pieces of the seared 
mucous membrane of the size of a pea or small bean were now cut out 
from different places showing signs of pathological changes and ground 
in a mortar with sterile sand and physiological salt solution. As al- 
ready noted an attempt was made to select areas showing the slight 
pathological processes often found in these cases of sterility (7). 

Broth and agar tubes and plates were now inoculated with the 
various samples, the cultures divided into two batches and placed in the 
incubator at 37°C., one-half of the cultures being inoculated under 
aerobic and the other half under anaerobic conditions. The cultures 
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were watched daily and if not contaminated they were allowed to re- 
main in the incubator for about fifteen days. Any plates or tubes show- 
ing abundant growth of any kind were taken out and examined. These, 
however, were few in number. Guinea pig inoculations were made 
from all samples obtained, the swabs being rinsed off in physiological 
salt solution. The pus and macerated tissues were diluted with salt 
solution to obtain a suitable suspension. At least two. pigs were 
injected with the same material, one receiving 1 c.c. and the other 
2 or 4 c. c. depending upon the nature of the inoculum. After thirty to 
thirty-six days the guinea pigs were killed and a careful autopsy made 
of each animal. Pieces of tissues were cut out of the spleen, liver, 
kidneys and testicles of each pig and placed on agar slants. Plates 
were also inoculated by making streaks across the surface with small 
pieces of tissue or a platinum wire. <A blood sample was taken from 
each guinea pig and later tested with the complement fixation and 
agglutination test for Bact. abortus antibodies. 
The following table shows the results obtained: 


TABLE I.—SHOWING FINDINGS BY DIRECT CULTURE METHOD AND ANIMAL 
INOCULATION. 


Date of | Organismsobtained | Organisms obtained | Organisms recovered 
exami- from surface from deeper from inoculated 
ation swabs layers of mucosa animals (1) 


No. of | Origin of 
animal animal 


29 | Farm A March 3, | Staph. pyog. aureus | Staph. pyog. aureus 
1919 Staph. pyog. albus Staph. pyog. albus Staph. pyog. albus 


—— 


03 | Farm A March 3, 


1919 Streptococcus Streptococcus Streptococcus 
53 | Farm A March 3, | Micrococcus Micrococcus 
1919 B. subtilis B. subtilis None 


5 | Farm A March 23, 
1919 None B. coli communior None 


8 | Farm A March 23, | B. coli communis 5 
1919 frou pus in right None None 
om 


ee el 


ay 12, 
1919 Trichobacterium Trichobacterium None 


(1) Note—50 guinea pigs were inoculated with material from swabs, pus, and macerated tissues. 
Blood samples were taken from each animal at the time of autopsy and tested for Bact. abortus anti- 
bodies by the complement fixation and agglutination tests. The amounts of serum used in the com- 
plement fixation tests were .04; .02; .01; .005 c.c. In the agglutination test the following dilutions 
of serum were used: 1-50, 1-100, 1-200, 1-400. All tests were negative indicating complete absence 
of abortion bacilli. g 


DISCUSSION. 


As our main object was to see if the Bact. abortus could be found in 
these organs, no effort was made to determine the microbial flora of the 
genital tract. Work along these lines has been conducted under the 
direction of Dr. Ward Giltner and a report of the results obtained was 
made by Keck in 1917 (5). During the years of 1918 and 1919 Giltner 
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and Bandeen made further bacteriological studies which gave additional 
information relative to the microbial flora of the genital organs of cattle. 

It will be noticed from table 1 that none of the cases examined showed 
a great variety of organisms. In four cases the organisms obtained from 
the surface of the mucous membrane were also obtained from the deeper 
layers. In one case, B. coli communior was obtained from the deeper 
layers and not from the surface of the mucous membrane. In another 
case, B. coli communis was found in the pus of the right horn and not 
any other place. Only in two cases did we obtain any organisms from 
the tissues of the inoculated guinea pigs and those organisms were also 
found by the direct culture method. The blood samples from the guinea 
pigs were all negative to the complement fixation and agglutination tests 
for Bact. abortus antibodies. . 


CONCLUSIONS. 


The cases examined are not sufficient in number to warrant us to 
draw any definite conclusions. However, in view of the fact that all the 
animals examined had aborted and came from herds where abortion 
was prevalent at the time when these cows were slaughtered, one may 
feel justified in considering the results obtained as additional evidence 
that the Bact. abortus does not persist indefinitely in the genital tract 
and does not penetrate into the deeper layers of the mucous membrane 
and remain there as a latent infection. 
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Bart EE 


H. J. STAFSETH. 


A few notes on the isolation and cultivation of Bacteriwm abortus with 
special reference to liver and spleen media. 


INTRODUCTION. 


To isolate Bact. abortus is not always an easy task and sometimes it 
is even more difficult to keep a recently isolated strain growing. One 
may obtain colonies which answer to the description of those of Bact. 
abortus, but may find it impossible or at least very hard to get satis- 
factory subcultures. This consequently retards the progress of abortion 
investigation. Abortion bacilli are usually found in association with 
other organisms which grow well on artificial media, and may thus out- 
grow the former and make it almost impossible to secure pure cultures. 

Giltner (1) has called attention briefly to the use of media made from 
the uterine wall, fetal membranes, fetus and amniotic fluid. The last 
named was used successfully alone and with the addition of agar or 
gelatin or both. Huddleson (2) used the following: 


Blood clot agar (blood clot one volume, water two volumes) ; 
Ascitie agar (ascitic fluid taken from fetus) ; 

Amniotic agar (fluid taken from amnion) ; 

Fetal agar (aborted fetus ground and made up ag meat infusion) ; 
Glycerin agar and plain agar varying in degree of acidity. 


He reports the following results: “Bact. abortus grew well on all 
media excepting glycerin agar, and plain agar made neutral or 1.5 acid 
to phenolphthalein. Plain meat infusion agar or blood clot agar made 
1.2 acid to phenolphthalein are much more to be preferred for the grow- 
ing of Bact. abortus owing to the fact that the organism can be isolated 
on these media without difficulty when anaerobic conditions are employed 
(Nowak). One should never attempt to isolate Bact. abortus without 
employing the anaerobic method. The writer has found that it is ab- 
solutely impossible to isolate the organism under aerobic conditions.” 

Smillie (8) has improved on the method of isolating abortion bacilli 
from mixed cultures through guinea pigs inasmuch as he has shown 
that this organism may be found in great numbers in the spleen of a 
guinea pig three to four weeks after inoculation. The method described 
by Smillie has been employed with success in this laboratory, but much 
time has often been wasted in trying to make subcultures grow satis- 
factorily. The direct culture method as described by Theobald Smith 
(4) has also been employed and has met with success as far as obtaining 
the first culture is concerned; but here again the same difficulty as that 
mentioned above was sometimes encountered. Although attempts to 
isolate new strains invariably were successful in the end, it was felt 
that if some medium could be made or some method devised, which would 
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further simplify and facilitate the isolation and subsequent cultivation 
of the abortion bacillus, much would be gained. With this point in mind 
some experiments have been carried out in this laboratory during the 
past six months with promising results. © 


EXPERIMENTAL WORK. 


Employing the animal inoculation method as described by Smillie, it 
was found that when the tubes were placed in an anaerobic jar and the 
air was exhausted by a suction pump good growth was obtained in three 
to four days. The employment of an anaerobic jar in this way is more 


Figure I. 


Fig. I shows the growth of a recently isolated strain on (1) plain agar, (4) spleen 
starch agar and (8) plain liver agar after incubating for fifty-two hours. These cultures 
were made from the first subculture obtained after the isolation of the strain. 
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efficient and far more convenient than to seal each tube separately with 
sealing wax. By placing the tubes next to the wall of the jar one can 
quite easily detect growth without having to open the jar. The growth 
obtained by this method was usually so abundant that heavy trans- 
plants could be made, thus making it easier to get growth on the first 
subculture. However, when transplants were made from the latter, the 


Figure II. 


Fig. II shows colonies of Bact. abortus grown on plain liver agar. This plate is one 
of eight plates made by making streaks with a platinum needle directly from the stomach 
contents of a five-months-old fetus. On six plates pure cultures were obtained while two 
showed slight contamination around the periphery. This plate had been incubated for 
seven days when the picture was taken. The abundance of growth and the size of the 
colonies show that such a long incubation would not have been necessary. 
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growth was usually found to be exceedingly slow. By adding one per 
cent, starch or one per cent. dextrose or both to the medium, it was 
found that the growth would progress more rapidly. Later it was found 
that excellent erowth could be obtained by employing spleen and liver 
media in place of beef. The composition of these media does not differ 
from that of ordinary beef agar except for the substitution of liver and 
spleen in the infusion in place of beef. The amount of spleen or liver 
added per liter of water is the same as that of beef. It was found that 
the spleen media were improved by the addition of one per cent. starch, 
or one per cent. dextrose or both; while the liver agar did not require 
the addition of carbohydrates. 

In order to compare the value of various media for the cultivation 
of Bact. abortus three laboratory strains were selected and incubations 
made as shown in Table I. 

Strain “W” has been in the laboratory for several years and has al- 
ways grown well on artificial media. Strain 15 was isolated in 1916 
and grew very poorly for six months or more previous to employing 
spleen and liver media. 

Strain XX was isolated in the spring of 1919 and has grown about as 
well as the average of our laboratory strains. 


SUMMARY. 


Liver and spleen media have been employed in this laboratory by 
the writer for more than six months and have given good results. Strains 
of the abortion bacillus have been isolated more easily by the aid of these 
media. As is shown in Table I, there is very little or no difference be- 
tween plain liver media and spleen media ae carbohydrates in 
the form of starch or dextrose. 

Some strains have been found to possess certain idiosyncrasies, thus 
making it necessary to employ various media in order to find one that 
will produce the desired results. In some cases it may be necessary to 
make the first transplant from a newly isolated strain into broth, before 
being able to grow the organisms efficiently on agar slants. 

The employment of B. subtilis as a means of producing anaerobiosis 
was found to be unnecessary as the use of a glass jar from which the air 
can be partly exhausted with a suction pump has given satisfactory 
results. 
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Part. Lit 
H. J. STAFSETH. 


On the possibility of differentiating between infected and immune 
animals in infectious abortion. 


INTRODUCTION. 


In studying the relation between pathogenic microorganisms and 
their hosts we find that three different conditions may exist, namely: 
1. presence of microparasites on the skin or mucous membranes; 2. in- 
vasion of the tissues by the microparasites without the production of 
any sign of disease; and 8. infection, the condition in which morbid 
changes have resulted and symptoms of disease may be noticeable. 
Infection with some organisms results in a short time in the appear- 
ance of symptoms of a more or less alarming nature. In such cases 
the disease may be checked and serious consequences prevented. Other 
infections are insidious in their nature and no symptoms appear be- 
fore it is too late to ward off the attack. In some of these infections 
the first sign of abnormality is a manifestation of the actual damage done. 
Infectious abortion comes under this class of diseases,—the dropping 
of the fetus is the sign of disease apparent to the owner; but in infec- 
tious abortion, we can conceive of all three of the above mentioned 
relationships between invader and host. The calf, the nonpregnant 
heifer and cows which are exposed to infection must surely be subject 
to surface contamination or to tissue invasion; while the pregnant 
animal probably being in a stage of susceptibility may contract the 
infection and show no outward manifestation thereof for weeks or 
months. Then with slight warning, the final manifestation of abor- 
tion may take place and we have gross evidence of disease. Some 
animals which are suceptible to a certain disease may develop a re- 
sistance but continue to harbor and to disseminate the organisms, thus 
endangering the safety of other animals. This condition is also 
recognized in infectious abortion. 

In an effort to overcome the confusion that has existed for a long 
time relative to the naming of abortion disease, Giltner (1) has pre- 
sented a defense of the term infectious abortion making it appear per- 
missible to use this term to include all the manifold manifestations 
of the disease and its complications. 

It is well known that animals infected with abortion bacilli will 
in most cases develop complement fixing and agglutinating antibodies, 
but the presence of these substances does not necessarily mean that 
an animal will expel her calf nor does the absence of such antibodies 
mean that it will not expel her calf. In the experimental herd, at this 
station, cows have carried normal calves to full term and yet their 
blood showed positive reactions to the complement fixation and aggluti- 
nation tests. On the other hand there are cows in the same herd 
which showed the first positive test at or about the time of abortion. 
Then again there are cows which will give positive complement fixation 
and agglutination tests while there are good reasons to believe that 
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the infectious stage is past. These tests merely show then, that com- 
plement fixing and agglutination antibodies are present in the blood 
of such animals and since the tests mentioned are specific for Bact. 
abortus infection, it is certain that reacting animals are or have at 
some time been infected with this particular organism. 

It has been suggested that before buying an animal it should be 
tested with one or both of these tests, and if the animal reacts one 
should not buy it. If that cow were immune and did not harbor the 
Bact. abortus in her body, would it not be safe to introduce her into 
any herd? Then again the cow might show negative tests and still 
abort after being placed into a new herd. Immunization with Bact. 
abortus vaccines and bacterines is being encouraged but is not yet 
fully accepted as a reliable means of prevention, and there is no test 
which will estimate the degree of immunity in the vaccinated animal. 

It is difficult to accurately measure the value of immunizing agents 
in infectious abortion for a number of reasons. Results are very 
apt to be post hoc non propter hoc due to the development of a 
natural resistance with age or to an acquired immunity from previous 
invasions or infections by Bact. abortus. FEurthermore, it is quite im- 
proper to estimate results wholly on the basis of fetuses lost or de- 
livered prior to full term since the loss of the fetus is only one of the 
serious manifestations of abortion disease of cattle. 

If some test could be perfected through which a distinction might 
be made between infected and immune animals it would greatly facili- 
tate future research on infectious abortion. The work of Fleischner 
and Meyer (2) indicates that such a thing may be possible. These 
investigators found that guinea pigs infected with Bact. abortus gave 
a definite and specific reaction to the intradermal “abortin” test, while 
guinea pigs treated with a suspension of dead abortion bacilli failed to 
react. Both infected and injected (with dead organisms) pigs reacted 
to the complement fixation and agglutination tests. The intradermal 
“abortin” test had previously been employed by Reichel and Harkins 
(3) in eattle. After having examined three herds, a total of seventy 
animals, in which thirty-nine abortions had occurred they found that 
all animals reacted to either the complement fixation test or the ag- 
glutination test or both and twenty animals reacted to the intrader- 
mal “abortin” test. Five animals that reacted to the “abortin” test 
had not aborted but were from herds where abortion disease was prev- 
alent. Herd No. B. consisting of five animals showed a normal his- 
tory with no abortions, all animals showed reaction to one or both 
serum tests but none reacted to the intradermal test. In view of their 
results they concluded that, “With much to be desired in the applica- 
tion and interpretation of all the tests or means at hand to establish 
a diagnosis, the intradermal abortion test deserves recognition in that 
it can be applied by the veterinarian without assistance.” 

Experiments on the intradermal test were started by the writer in 
the early part of the summer of 1919 and the following data represent 
the results thus far obtained. 
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Experimental Work. 


THE ABORTIN. 


Two kinds of abortin were employed, namely: The alcohol-ether 
extract of Bact. abortus as prepared by Fleischner and Meyer (2) and 
the bacillary suspension of the same organisms as prepared by Reichel 
and Harkins (8). The latter is more easily prepared and was found 
to give better results than the former. In place of attempting to esti- 
mate the number of bacteria per cubic centimeter by counting the 
organisms, tube No. 7 of McFarland’s nephelometer was selected as 
a standard for the opacity of the suspension. After finding that the 
suspension of dead bacilli produced better results than the alcohol 
ether extract the former was used exclusively. 


APPLICATION OF THE INTRADERMAL TEST TO GUINEA PIGS. 


An area of the abdomen of about three square cm. was clipped, 
shaved and disinfected. Into the skin of this area 0.1ce. of bacillary 
suspension was injected with a 27.5 gauge needle. <A swelling of the 
size of a split pea should appear, the color of which should be char- 
acteristically whitish when working with light colored guinea pigs. 
This swelling should not have a tendency to disappear immediately nor 
to diffuse. If this occurs it is an indication that the material is being 
injected subcutaneously and the injection should be repeated in a dif- 
ferent place. Readings are taken forty-eight hours after injection. 


THE REACTION. 


The reaction consists of an area of induration varying in size from 
0.5cm. to 1.5cm. in diameter and appearing about 24 hours after the 
injection. In exceptional cases indurated areas of 2cm. in diameter 
have been found. At first a decided redness over the swelling is noticed 
in guinea pigs with light colored skin. As the induration increases 
the redness disappears and is followed by a color similar to that of 
cartilage. At the end of two or three days an area of necrosis ap- 
pears in the center of the swelling. These areas of necrosis have been 
found to vary from 0.2 cm. to 1.5 cm. in diameter. Employing the 
alcohol-ether extract it was found that the reaction would appear 
and disappear more quickly than when the bacillary suspension was 
used. In cases where the former test fluid was used the reaction would 
be at its height at the forty-eighth hour and would be almost unnotice- 
able ac the end of four to five days. When employing the latter prepara- 
tion the reaction would as a rule gradually increase up to the fourth 
day and then gradually diminish, seldom disappearing entirely before 
the tenth day after the application of the test. 


THE COMPLEMENT FIXATION TEST. 


The method employed in the complement fixation test was that des- 
cribed in Giltner’s Manual of General Bacteriology (4) with the follow- 
ing changes: A two per cent. suspension of blood cells was used in place 
of me per cent; two times the known titre of complement was used in 
the titration of antigen and the test proper; .04, .02, .01,, and .005 ¢. c. of 
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Figure I.—Guinea pig No. 73, Table 2, showing a rather extensive area of necrosis after the 
second or third day. 
35 


. 
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Figure II.—Guinea pig No. 79, Table 2, showing the average area of necrosis after the 
second or third day. 
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suspect serum was used in the order named instead of .01, .02, and .04 c. c. 
The tests were read after incubating for half an hour subsequent to 
the addition of hemolysin and blood cells. The hemolysin was pro- 
duced by injecting 0.75, 1.5 and 3 c.c. of pure washed blood cells in- 
_ travenously every other day then waiting seven days before bleeding. 
No glycerin was added to the antigen. 


THE AGGLUTINATION TEST. 

The antigen was prepared by growing several strains of Bact. abortus 
on plain agar for forty-eight hours, then washing off the slants with 
physiological salt solution containing phenol (0.5 per cent.) The anti- 
gen was diluted with physiological salt solution until the opacity of 
the bacterial suspension corresponded with 1.5 of McFarland’s nephel- 
ometer. Two cubic centimeters of antigen were added to each of four 
tubes and 0.4, 0.2, 0.1 and 0.05 ¢. c. of serum diluted one to ten were added 
in the order named. The tubes were incubated for two hours at 387°C. 
then left at room temperature for twenty-four hours and readings taken 
at that time. 


DETERMINATION OF SPECIFICITY OF THE INTRADERMAL TEST. 


Series I. 

Nine guinea pigs were given intraperitoneal injections of live cul- 
tures of Bact. abortus. Complement fixation, agglutination and intra- 
dermal tests were run eight, sixteen, twenty-four and thirty-two days 
after injection. Every animal developed positive reactions to all tests. 


Series 2. 


Nine guinea pigs were injected with a suspension of killed Bact. abor- 
tus for the purpose of immunization. Each pig received approximately 
two, four and eight billions of bacteria intraperitoneally at five-day in- 
tervals. Tests were run eight, sixteen, twenty-four and thirty-two days 
after the last injection. All pigs developed positive reaction to the com- 
plement fixation and agglutination tests while none reacted to the in- 
tradermal test. 


Series 3 and 4.° 
The work recorded under series 1 and 2 was repeated using B. typhosus 
in place of Bact. abortus. While all of the eighteen pigs developed posi- 


tive reactions to the agglutination test using typhoid bacilli as antigen, 
none reacted to the intradermal abortin test. 


Series 5. 

Nine pigs infected with Bact. tuberculosis were tested with the in- 
tradermal abortin test eight, sixteen, twenty-four, and thirty-two days 
after inoculation. None of these pigs reacted to the test. All pigs died 
of tuberculosis. One of these pigs died twenty days, and two of them 
about thirty days after inoculation. 


EFFECT OF ATTEMPTED IMMUNIZATION ON THE INTRADERMAL REACTION. 

In order to see if attempted immunization prior to or after infection 
would have any effect on the intradermal test, fifty-four guinea pigs 
were subjected to various treatments as shown in the following tables. 
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DISCUSSION. 


The results obtained in series 1, 2, 38, 4, and 5 show that guinea pigs 
infected with Bact. abortus will react to the intradermal abortin test 
while those which are treated with dead cultures only fail to react. The 
results also indicate that the reaction is specific for Bact. abortus in- 
fection since pigs subjected to treatments with live or dead typhoid 
bacilli and live tubercle bacilli showed no reaction to Bact. abortus anti- 
gens whatever. 

Tables 1, 2, and 4 and series 6 show that treatment with dead cultures 
of Bact. abortus, whether administered before or after infection, does not 
in any way prevent the development of cutaneous hypersensitiveness. 
It is also evident that this treatment does not protect guinea pigs 
against infection through injection or ingestion of live cultures if the 
intradermal test is a true index of infection. In table 3, there is an 
apparent discrepancy as pigs 82, 84, and 87 which were not intentionally 
exposed to infection by the writer developed positive reactions to all 
tests. This, however, may easily be accounted for as the two cages in 
which these pigs were kept stood so close together that infection might 
readily be carried from one cage to the other with dust or straw, which 
the pigs might kick through the wire netting. The extreme susceptibil- 
ity of the guinea pig to Bact. abortus infection is brought out by this 
occurrence, as the amount of live culture introduced into the first cage 
was very small. 

In analyzing the results obtained in table 4 and series No. 6 it will 
be noticed that the four males placed with the females developed positive 
reactions to all tests employed. This shows that guinea pigs, which 
are infected with Bact. abortus, must discharge the organism, as the 
infection of the males could be explained in no other way. Great care 
was exercised not to bring any infection into these pens. The fact that 
the treated (with lipo-vaccine) females listed in table 4 raised nine 
young pigs between Oct. 4, 1919, and Jan. 6, 1920, while the females in 
series 6, failed to raise a single one may be of some significance. Abor- 
tions occurred in both pens due possibly to handling while in advanced 
pregnancy, but as will be noticed from table 4, the pigs were not handled 
very often. 

Many of the guinea pigs in these experiments became very much 
emaciated and showed signs of paralysis or extreme weakness. This 
was especially true of those pigs which were treated with dead cultures 
subsequent to infection. 

The exact cause of this is not known, nor will an examination be at- 
tempted at this time. Some of the females in series 6 and two or three 
of those listed in table 4 showed signs of this same affection. Several 
of them died, but those which recovered from the first effects of the 
treatments developed no untoward after effects. 

In view of this work, it appears that the general condition of an 
animal as regards infection and the condition of the uterus as regards 
abortion do not correspond. If the lipo-vaccine was instrumental in 
protecting the females, which gave birth to and raised the nine normal 
pigs, against the harmful effect of the abortion bacillus, the local evi- 
dence of this fact is the absence of abortions and the systemic evidence 
the production of complement fixing and agglutination antibodies. The 
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protection could not be anti-bacterial as the pigs continued to discharge 
abortion bacilli as evidence by the infection of the males. Further- 
more the intradermal test indicates the presence of live abortion organ- 
isms, in the body, as it has been shown throughout this work that positive 
reaction to the intradermal abortin test develops only as a result of in- 
fection with the abortus bacillus. 

The fact that an animal once has been infected does not mean that 
it will continue always to react to the intradermal test. This is indi- 
cated by experiments performed on cattle. Three calves were tested 
shortly after being born by the serum and intradermal tests. Two were 
positive to all tests and one was negative. The latter was then infected 
with Bact. abortus by intravenous injection and developed positive re- 
actions to a very marked degree to all tests. On repeated testing it was 
found that all three animals ceased reacting to the intradermal test. 
The two naturally infected calves reacted to the intradermal test some 
time after the reaction to the other tests had disappeared. In one case 
an intradermal reaction was obtained three months after the other tests 
had become negative. When the animal was tested six weeks later, it 
was found negative. The artificially infected calf was a male, while the 
other two were females. The former showed positive complement fixa- 
tion and agglutination tests after the intradermal test failed to pro- 
duce a reaction. The complement fixing and agglutinating antibodies 
were, however, diminishing quite noticeably as evidenced by weaker re- 
actions. These results support the idea that a permanent infection in 
calves is improbable. 

Complement fixation and agglutination tests were run on the blood 
sera and milk of several cows. Bacteriological examinations in the 
form of guinea pig inoculations were also made of the milk from these 
cows. The work on the milk was done by Huddleson of this laboratory. 
Intradermal tests run on these cows compared with the other tests and 
examinations suggest that this test may be employed as a means of de- 
tecting the animals which harbor live abortion organisms in their bodies. 
However, the work in cattle has not progressed sufficiently to warrant 
any definite conclusions. Work along these lines will be continued by 
Mr. Huddleson and it is hoped that the test may be perfected so that the 
carrier of Bact. abortus can be detected and distinguished from the ani- 
mals which merely have the abortion antibodies in their serum. 

Reichel and Harkins (38) tested seventy animals and all reacted to 
either one or both of the complement fixation and agglutination tests 
while only twenty reacted to the intradermal test. Out of the three 
herds tested, one herd showed a normal history while in the other two 
abortions had occurred. In all, thirty-seven animals had aborted, one 
having aborted three times. Might it not be possible that the thirty-seven 
animals in those herds were the ones which were actually infected, while 
the others were immune? If surface presence or tissue invasion, pure 
and simple, are possible with the Bact. abortus, then it is questionable 
whether the intradermal test would detect such a condition. Would the 
agglutination and complement fixation test detect? On the other hand, 
it seems within reason to believe that an infection may be detected by 


this test in cattle as well as in guinea pigs. | 
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CONCLUSIONS. 


1. The intradermal abortion test is a reliable and specific test for 
Bact. abortus infection in guinea pigs. 

2, Guinea pigs injected with dead cultures of Bact. abortus do not 
react to the intradermal abortin test. 

3. The physiological salt suspension of Bact. abortus is the best type 
of abortin so far employed. 

4. Treatment with dead cultures before or after infection does not 
affect the intradermal reaction. 

5. Treatment with dead cultures does not protect guinea pigs against 
infection with Bact. abortus. 

6. Detection of infectious abortion in cattle may be possible by means 
of the intradermal abortin test. 
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STUDIES IN INFECTIOUS ABORTION. 
The Isolation of Bacterium abortus from Milk. 


Partely. 


I. FOREST HUDDLESON. 


INTRODUCTION. 


The réle which infected udders play in disseminating the abortion 
bacillus has been studied by a number of investigators. It now becomes 
apparent to those familiar with infectious abortion, that the control and 
prevention of this disease will depend largely upon the early diagnosis 
and bacteriological supervision of temporary or potential carriers. The 
occurrence and continued presence of Bact. abortus in milk coming from 
apparently normal cows are now established facts, and furnish us a very 
important carrier problem. 

In order to study successfully the occurrence of Bact. abortus in milk, 
the knowledge and application of reliable methods which will permit the 
isolation of the infecting organism is absolutely necessary, regardless 
of the number present. The methods employed by previous investi- 
gators in studying the presence of Bact. abortus in milk have their dis- 
advantages and have not been entirely successful. Fabyan (1) and 
Schroeder (2) working independently demonstrated the presence of 
Bact. abortus in milk by means of guinea pig inoculation. This method 
is reliable but has a disadvantage in that it takes from eight to ten weeks 
for the characteristic lesions to develop, and a large number of guinea 
pigs is necessary when a number of milk samples is to be studied. 
Cooledge (3) studied the presence of Bact. abortus in milk by means of 
the agglutination test. This method is not wholly satisfactory owing 
to the fact that a positive reaction to the agglutination test does not 
always indicate the presence of the organism. Evans (4) in studying 
samples of milk from a large number of cows, by employing cultural 
methods, failed to isolate Bact. abortus from the milk of cows which had 
aborted as a result of natural infection. She succeeded, however, in 
isolating the organism from the milk of cows which had aborted as a 
result of feeding and injecting cultures of the organism. This is readily 
explained from the fact that strains of the organism which have been 
cultivated upon artificial media may be recovered from inoculated ani- 
mals without employing anaerobic methods. 


EXPERIMENTAL WORK. 


In the isolation of Bact. abortus from milk the most perplexing diffi- 
culty usually encountered is the elimination of other organisms which 
may be present in considerable numbers thus over-growing the inocu- 
lated media. 

In order to render the isolation and cultivation of Bact. abortus from 
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milk, a comparatively simple process, the following factors must be con- 
sidered: The medium and its proper preparation; the proper H-ion 
concentration of the medium; the employment of an agent which will 
eliminate fast-growing organisms; the method of incubation. 

The proper medium for the isolation and cultivation of Bact. abortus 
is liver or spleen (bovine or swine) infusion agar. This medium was de- 
veloped by Stafseth (5), formerly of this laboratory. The technique 
for preparing the medium is similar to the method described by Giltner 
(6) for the preparation of meat infusion agar except that glass wool 
should be used in filtering, and excessive heating should be avoided in the 
preparation and sterilization. Huntoon (7) has shown that about half 
of the initial growing value of media is removed by over-heating, and 
employing cotton, cloth, or paper in filtration. The writer has found that 
the above-named factors must be considered in the isolation and culti- 
vation of Bact. abortus. 

The H-ion concentration of the medium is the most important fac- 
tor in the cultivation of this organism. The H-ion concentration 
for obtaining the optimum growth lies between 6.6 and 6.4. The limit- 
ing H-ion concentration in which growth may be obtained lies be- 
tween 6 and 7.6. The organism grows very slowly at the extreme 
limits of this range. In fact, it is very difficult to get newly isolated 
strains to grow on a medium having a different H-ion concentration 
than the optimum stated above. The H-ion concentrations were in 
each case determined colorimetrically, using Brom Thymol Blue as 
indicator. The titratable acidity (using phenophthalein as indicator) 
for obtaining the optimum growth should be about +1.2. This method, 
however, is not to be relied upon owing to the fact that a medium 
giving a titratable reaction of +1.2 may not correspond to the proper 
H-ion concentration that is necessary for the growth of Bact. abortus. 

The agent necessary for the partial elimination of other organisms 
was found to be gentian violet. The selective bactericidal action of 
gentian violet and its practical application was first studied by Church- 
man (8). This dye, when incorporated in a medium, will inhibit the 
growth of a large per cent. of gram positive and a small per cent. of 
gram negative organisms. Churchman applied the term ‘violet posi- 
tive,” to those organisms whose growth was inhibited by the action of 
the dye, and “violet negative” to those which were not affected by the 
dye. The action of the dye appears to simulate the bactericidal action 
of various other bactericides in that its action is fundamentally a 
quantitative one. 

In this work, gentian violet was prepared in a saturated aqueous solu- 
tion and incorporated in the media in sufficient quantity to give the 
dye a final dilution of 1:10,000. The growth of Bact. abortus was not 
in the least affected by the presence of the dye. The developing colonies 
take up the color of the dye and present a clear violet blue color to 
transmitted light and a dark violet color to reflected light. With a 
little practice, one may easily differentiate colonies of Bact. abortus 
from colonies of other organisms on the media by macroscopic examina- 
tion alone. 

From previous researches there have been developed two satisfactory 
methods for growing Bact. abortus from naturally infected material, 
namely, in a closed chamber in symbiosis with cultures of Bacillus sub- 
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tilis (9), in a closed chamber which has been partially exhausted of air 
by means of a suction pump. It is generally believed that the initial 
growth of this organism depends upon an atmosphere of lowered oxygen 
tension. If this is true, we should expect newly isolated strains of the 
organism to grow very rapidly when placed in a sealed tube or cham- 
ber in which part of the oxygen has been absorbed by means of an 
alkaline solution of pyrogallic acid. A series of experiments con- 
ducted by the writer shows that the initial growth is not due to a 
lowered oxygen tension, but is due to an increased carbon dioxide 
tension of the atmosphere in which it is to be grown. The correct car- 
bon dioxide tension may be derived by sealing the tubes containing the 
inoculated medium; by placing the inoculated medium in a closed 
chamber (the growing organisms furnish CO, for the proper tension) ; 
by placing the inoculated medium in a closed chamber in which 10 per 
cent. of the air has been displaced by carbon dioxide gas. It was 
found that when the latter method was employed colonies of Bact. 
abortus would appear on the surface of the medium in from 24 to 72 
hours and often develop to 3 mm. in diameter. No visible growth ap- 
peared until the fourth day or later when the sealed tube or closed cham- 
ber method was used. When the growth became visible it was found that 
a CO, tension had developed in the sealed tube (measured by the H-ion 
method) which corresponded to the CO, tension of a closed chamber 
after 10 per cent. (by volume) of the contained air had been displaced 
by CO, gas. 

The methods which have just been discussed were used in studying 
samples of milk from each of the four quarters of twelve cows. Cows 
No. 1, 8, 9, 10, 11, and 12 have never aborted. Cow No. 2 aborted a 
six months fetus Dec. 18, 1919; Cow No. 8 aborted a five months fetus 
Oct. 24, 1919; Cow No. 4 aborted a six months fetus Feb. 20, 1919; 
Cow No. 5 aborted a seven months fetus Feb. 5, 1920; Cow No. 6 
aborted a six months fetus Jan. 26, 1920; Cow No. 7 aborted a six 
months fetus Jan. 1, 1917. The reactions of the milk to the agglutina- 
tion test at the time the bacteriological examinations were made are 
shown in Table I. : 

The samples of milk were collected in sterile test tubes after the 
first milk had been discarded, and about 10 c.c. of each centrifugalized 
for two hours at 2000 r.pm. This length of time for centrifugalizing 
is necessary owing to the fact that Bact. abortus is removed from sus- 
pension with difficulty. About 0.1 ¢. c. of the sediment was drawn from 
the bottom of the tube by means of a small capillary pipette, then 
placed on the surface of a solidified gentian violet agar plate and evenly 
distributed by holding a sterile glass rod (bent at an angle of 90°) 
against the surface of the medium at the same time rotating the plate 
in a horizontal plane. 

The bacteriological examinations were in each instance controlled 
by inoculating guinea pigs intra-abdominally with 5.0 ¢. c. of whole milk 
from each quarter, and allowing a period of eight to ten weeks to 
elapse before autopsying. The spleen and liver were then examined 
culturally for the presence of Bact. abortus. The comparative results of 
the two methods are shown in Table II. The milk from the four 
quarters of cows No. 1, 5, 7, 8, 9, 10, 11, and 12 gave negative results to 
each of the methods employed. The positive results correspond in all 
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of the methods employed: Cow No. 2, showing the organisms present 
in the left front quarter; No. 3, in the left rear quarter; No. 4, in right 
front, left rear and left front quarter; No. 5 in the right rear quarter; 
No. 7 in the left rear quarter. 

The number of colonies appearing upon the surface of the media varied 
with the samples examined. Only one or two colonies would develop 
from the sample examined from one cow, while from another, the 
surface of the media would show hundreds of colonies. Very few 
other organisms present in the milk grew on this medium. Gram nega- 
tive organisms will occassionally make their appearance and very 
often be the predominating organism on the surface of the media. 
These may be, in most part, eliminated by using aseptic methods in 
the handling of the samples of milk. 

This method has also been employed with success in isolating Bact. 
abortus from the stomach content of aborted fetuses, from the fetal 
membranes and from the uterine exudate of cows which have aborted. 


TABLE II.—THE COMPARATIVE RESULTS OF THE TWO METHODS FOR STUDYING THE PRESENCE OF 
BACT. ABORTUS IN MILK. 


Right rear quarter Right front quarter Left rear quarter Left front quarter 
No. of 
Cow Fy . . . . . . . 
froculation | G-V-plate | Sroeutation | G-V-plate | Socuiation | G+V-plate | Sicentaton | G: V. plate 
1 = pees Bs _ = = — = 
2 4 = - = - - + ~ 
3 - = = = aie ais = = 
4 = = + a at a - = 
5 at = = a = = = 
6 = = zt = = as Ee a 
7 = = = = a fe om = 
8 = Et a = ae 2: = = 
9 = = ES = = = = ae, 
10 — — — — = _ — — 
11 = = = = == 2s = = 
12 = a — = = = = = 


The — sign indicates negative findings ae guinea pig inoculation or by direct cultural method (gentian violet agar plate). 

rhe -+- sign indicates the presence of Bact. abortus in the spleen and liver of inoculated guinea pigs or by direct cultural 
metho 

G. V., refers to gentian violet agar plate. 
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CONCLUSIONS 


1. The proper medium for the isolation of Bact. abortus from milk 
is liver infusion agar which has been prepared without excessive heat- 
ing and filtered through glass wool instead of cotton or paper. 

2. The growth of Bact. abortus in culture is markedly influenced by 
the H-ion concentration of the medium. It is important that the 
medium be adjusted in terms of H-ion concentration. 

3. The H-ion concentration necessary for the optimum growth 
should lie between 6.6 and 6.4. | 

4, The most suitable method for growing Bact. abortus from milk 
is obtained by placing inoculated media in a closed chamber in which 
10 per cent. of the air has been displaced by CO, gas. 

5. By incorporating a saturated aqueous solution of gentian violet 
in medium in sufficient quantity to give the dye a final dilution of 
1-10,000, a large per cent. of organisms occurring in milk other than 
Bact. abortus may be eliminated. The dye when used in the above dilu- 
tion has no apparent effect upon the growth of Bact. abortus. — 

6. This technique if carefully followed yields results identical with 
the guinea pig inoculation method for determining the presence of 
Bact. abortus in milk. Its chief advantage is that it requires only four 
days to determine the presence of the organism whereas the animal in- 
oculation method requires at least eight weeks. 

7. This method may be easily employed in studying a large number 
of samples of milk, or in detecting the presence of the organism in 
samples of milk which are often sent to the laboratory for diagnosis. 
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RATE AND EXTENT OF SOLUBILITY OF ROCKS AND ROCK- 
FORMING MINERALS UNDER DIFFERENT 
TREATMENTS AND CONDITIONS* 


Technical Bulletin No. 50. 


BY GEORGE J. BOUYOUCOS, SOILS SECTION 


HISTORICAL 


In a former publication (1) the results of an extensive study en the rate 
and extent of solubility of soils under different treatments and conditions 
were presented. Using principally the freezing point method as a means 
of measuring solubility, it was shown that when different classes of soil 
were treated with N/10 salt solutions of Ca(NO;)., NaNO;:, KNO;, KCl, 
K.SO,, (NH,)2SO,, MegSO,, KH.PO,, CaH,(PO,). and NaC.H;0., and then 
washed free of all soluble salts, and made up to a moisture content of 1 of 
soil to 0.7 of water and kept at room temperature, the rate of solubility of 
all the salt treatments, except (HN,).»SO., was slow and gradual and that 
the process continued for a long time, (120 days), but usually for about 
50 days. In the case of (NH,).S8O, the initial velocity was quite rapid but 
soon slowed down. At the end of about 60 days there was an apparent 
constancy or equilibrium in the solubility. ‘The extent of solubility at this 
point was found to be very appreciable in all the salt treatments, and in 
all the soils, with few exceptions. All the soils except sand, treated with 
NaNO;, KNO;, KCl, K:SO., (NH.).SO., MgSO., and NaC.H;O, yielded 
quite a large amount of material to solution, the depression in many cases 
rising from 0.005 to about 0.110°C or from 125 to 2,750 parts per million 
of solution. The only salt treatments which did not cause a large solubility 
product were Ca(NO;)., KH,PO, and CaH,(PO,)2, the depression in some 
of these treatments rising only from about 0.007 to 0.015° or from 175 to 
355 parts per million. As a general rule NaNO; and NaC.H;0; in all the 
soils, except sand, tended to yield the greatest solubility product, Ca(NOs)., 
KH.PO,, and CaH,(PO,). the smallest, and KNO;, KClK2, SOQ., (NH4)2 
SO, and MgSO, an intermediate product. In many soils CaH.(FO,)., and 
in a few cases, Ca(NO;). and KH.,PO, did not only give the smallest con- 
_ centration but even a smaller concentration than the check, indicating that 
these salts have an indifferent or depressing effect upon the solubility of 
soils. As a whole it appeared that the phosphates tend to depress solubility 
and that they probably act as conservers of bases under field conditions. 

The results of solubility of these singly salt-treated soils were taken to 
indicate that a salt or fertilizer treatment leaves a residual effect upon the 
soil, and this residual effect continues to be manifested in increased solu- 
bility and in increased crop-producing power. These data also go to indicate 


*The writer is very grateful to Mr. Ralph A. Paton for much valuable aid. 
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that the reaction, between soils and salts seems to be chemical and not 
physical. 

In view of the different residual effects that the different salts or fertil- 
izers have upon the solubility of soils, and in view of many theoretical and 
practical considerations it was concluded that the solubility factor cannot 
be considered an absolute or reliable criterion for the state of fertility or 
crop-producing power of soils. In general, however, it can be said that a 
very heavily fertilized or extremely rich soil gives a greater solubility product 
than an unfertilized or poor soil. 

Although the solubility attained a constancy at the end of about 60 days, 
this constancy was not believed to be a true equilibrium, the solution not 
being saturated when solubility apparently ceases. This seems to be demon- 
strated by the fact that when different proportions of soil and water are 
employed an apparent equilibrium is attained in all the ratios, while the 
solubility product is not at all the same when the equilibrium is reached, 
and does not become the same no matter how long the soil and water in 
the different ratios are kept in contact. Furthermore, considering the char- 
acter of the soil it is deemed extremely doubtful if true equilibrium can 
ever be attained in the soil solution. The solubility process of the soil would 
undoubtedly go on for a long time, probably almost indefinitely, in view. 
of the extremely slow rate of solubility, if some factors did not intervene. 

When different soils were treated with a combination of salts, including 
Ca(NO;)2, NaNO;, KNO;, KCl, K.SO., (NH,.).S0O., MgSO., KH.PO,, CaH, 
(PO,), and NaC;H;O,, and washed and kept under the same conditions as 
indicated above, their rate of solubility was also slow, but the extent of 
solubility was very appreciable. The phosphates in this combination did 
not depress the solubility very markedly, but when (NH,).SO, and NaC.H;0O, 
were omitted the decrease became more marked. 

Experimental field soils from the Illinois, New York (Cornell), Rhode 
Island, and Ohio Experiment Stations, which had been fertilized in the usual 
way were washed and kept at a moisture content of 1 of soil to 0.7 of water 
and at. room temperature. Their rate of solubility was very slow but their 
extent of solubility varied, being rather appreciable in some of them and 
quite small in others, and the variation failing to bear any close relation to 
to the previous fertilizer treatment. These results were in general agree- 
ment with those of the single salt treated soils. Even when these soils were 
kept at an optimum moisture content and placed outdoors under natural 
conditions, they failed to give a solubility product which bore a close re- 
lation to the previous fertilizer treatment, the rate of solubility being very 
slow and the extent of solubility quite appreciable but far smaller than that 
of the salt-treated soils. 

Soils treated with HNO,;, HCl, H.SO,, H;PO,, H.C.0,, HC LH-O: and 
C.H;O;, washed, maintained at a moisture content of 1 of soil to 0.7 of water 
and kept at room temperature showed a quiet rapid rate of solubility, 
although the extent of solubility varied being very small in the case of the 
inorganic acids, slightly higher with phosphoric acid, and quite appreciable 
with the organic acids. 

In the untreated soils, which were washed, kept at room temperature, 
and at a moisture content of 1 of soil to 0.7 of water, both the rate and ex- 
tent of solubility varied considerably between the different soils, there being 
no close and consistent relationships between the solubility factor and the 
class of soil, the organic matter content and the fineness of particles. Prac- 
tically the same results were obtained when an optimum moisture content 
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was employed and the soils were kept outdoors under natural conditions, 
although in some soils more material went into solution when the moisture 
content was 1 of soil to 0.7 of water than when the moisture content was at 
optimum. ‘There was a closer relationship on the whole between the solu- 
bility factor and the state of fertility, or crop producing power of the soil 
with the former than with the latter. 

When natural soils, previously washed, and with a moisture content of 
1 of soil to 0.7 of water were kept at a temperature of 53°C their rate of 
solubility was somewhat appreciably increased. In some soils, however, 
solubility was very little, if any, affected by the high temperature. The 
solubility of many soils even at this high temperature continued to increase 
for a long time, even 60 days but usually became constant at the end of 
about 30 days. 

At the ratio of 1 of soil to 5 of water the rate of solubility of natural soils 
was also slow and the extent of solubility extremely small, the amount of 
material that went into solution at this water content being only about half 
as great as that at the water content of 1 of soil to 0.7 of water, although 
an apparent equilibrium was attained at this high water content just as 
with the lower water content. Soils having a ratio of 1 of soil to 5 of water 
kept at 53°C showed a slight increase in the rate and extent of solubility. 
The solubility product, however, was only about one-third as great as that 
of similar soils kept at the same temperature but having a ratio of soil to 
water of 1 to 0.7, while an apparent equilibrium was attained in the high 
ratio just as in the small ratio. 

The results of experiments wherein were used a ratio of 1 of soil to 5 of 
water were held to indicate very strongly that the concentration of the soil 
solution depends upon the relative masses of the soil and water and that the 
soil does not possess a definite solubility, as definite compounds do. The 
amount of material that goes into solution seems to increase as the ratio of 
soil to water is increased up to about the optimum moisture content, and 
then it decreases. 


OBJECT OF PRESENT INVESTIGATION 


Since soils are composed of a complex and heterogeneous mass, and the 
number and variety of factors operating being very great, unknown and 
uncontrollable, it is extremely difficult, if not impossible, to explain always 
the results obtained, or to assign them to any particular factor or cause. 
Many times such experimental results are at best very empirical. 

In order, therefore, to obtain more definite, and if possible, more abso- 
lute information on the solubility of soils, it was deemed advisable and nec- 
essary to repeat the general investigation of the rate and extent of solubility 
of soils, with rocks and rock forming minerals. It was thought and reasoned 
that since the rocks and minerals are more definite compounds, or at least 
to a considerable degree less complex than the soils, their results may be 
of great value and help in checking up, interpreting and explaining those 
obtained with soils. Accordingly, the rate and extent of solubility of a 
large number of rocks and minerals were measured, an attempt being made 
to pene in the list the most common type of soil-forming rocks and min- 
erals. 


METHOD EMPLOYED AND MODE OF PROCEDURE 


The method employed was the freezing point (2). The general procedure 
consisted of first grinding the rocks and minerals to fine powder so it could 
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pass a 100 mesh sieve. The solubility of this powder was then measured 
in the leached and unleached condition in distilled water, treated with salt 
solutions and then washed until all the free soluble salts were eliminated, 
and in the presence of salt solutions. The moisture content in all cases 
except one was 1 of solid to 0.75 of liquid. The temperature employed was 
room temperature, a temperature of 53°C, and at a steam pressure of 26 
pounds which is equivalent to a temperature of about 117°C. The materials 
were contained in glass freezing point tubes of high quality. The freezing 
point depression was determined immediately upon the powder coming 
in contact with water or salt solution, once every day thereafter for the 
first four or five days, and at various intervals thereafter for a long period, 
in some cases for more than 100 days. 

Although the solubility of rocks and minerals has been studied from time 
to time by quite a number of investigators (8) yet strangely to say the sub- 
ject has not received the complete and comprehensive investigation that it 
deserves. There is, therefore, much work yet to be done upon the problem 
and a good deal more to be learned. Furthermore, the rate and extent of 
solubility of rocks and minerals have never before been studied by the freez- 
ing point method, which has proved highly appropriate and unique for this 
purpose. 


LIST OF ROCKS AND MINERALS EMPLOYED 


Following is a list of rocks and minerals employed in the study of the rate 
and extent of their solubility. These rocks and minerals came from three 
different sources: (1) from the Ward’s Natural Science Establishment, 
Rochester, New York, (2) from the Geological Department of the Michigan 
Agricultural College, and (8) from a collection gathered by the writer. 


LIST OF ROCKS EMPLOYED AND THEIR PREDOMINANT MINERALS 


Banded biotite sneiss:%, “sho.4. .o2 ee. quartz, feldspar, mica _ 

Banded: oramite 2)... iors in os tama tors: hornblend, quartz, feldspar 

Biotite granite, 3 varieties........... feldspar, quartz, biotite 

Compact lithographic limestone...... 

Crumbled mica-schist............... mica, quartz, feldspar 

Wisbaser+ i occa ssa she, coasts tavnn ae ee plagioclase feldspar, augite 

Diotite ss Aye Bee ot Be eee plagioclase feldspar, hornblend 

Ferrugineous sandstone, 5 varieties... 

Hornblendseramite...:254.2..2 ase hornblend, quartz, feldspar 

Hornblend:bagalitr,.< awe tect oe hornblend, plagioclase, pyroxene 

‘Homblend?ealb prot, as4a5 sake oe hornblend plagioclase, feldspar, lab- 
rodorite. 


Fy drohhe dimestone.2 4s naiene Cee 
Marble<(dolomitic) 4°25. 28s 32 oes 


Micasehist: state Hic ine k ace ee mica, quartz, feldspar 
Rermatite a8 cask ee SORT Ep aie Seg ae feldspar, quartz 

Rem Gotikes oon ntet ote wet ts occ olivine, augite 

Quartzite, 3 varieties: ......9..4.25.. quartz 

meoveh Pranite see Al tees oe eee feldspar, hornblend, quartz 


Shale samples: «ty... anise twee 
Silteeous dolomite. 7.2: fac. ee. 


Hematite (micaceous)......:.....+: hornblend, feldspar 
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LIST OF MINERALS EMPLOYED AND THEIR FORMULAE 


co, IDV Ye ay ee eee aes a (CaF) Ca.(POx,)s 

(LULA OT) Cia i le ei aor A (AlFe).0;, (Mg, Ca, Fe)O, SiO, 
LAS ODDS gS Re ee rl H,KCa,(SiO;)s +414 H.0 
MA oe Seg h eng OS ee BF os CaCO; 

@hrysolite (olivine)....,..-.....-..- (Mg, Fe).Si0, 

MMM GLE tir < Sas: aene Ase aoe «'n's 2 Ca.({[Al, FeOH])(Al:Fe: (Si0,) ; 
SUGEEST se ge 2 CaSO, + 2H,O 

Srenite, 2 varieties. .¢.5....-..-. 25. FeO; 

MmMMINELC EE. fo ki, cackeciae oe Fete ay H,AI1.81,0, 

RII ERbG re 5. Fe oo ee Peake mk ete or 2Fe,0;3H.O 

MMERUIASE Mere tah tes, Aki We seat. & 3(NaAlISi;0s) + (Ca, Al.Si.0s) 
PERE IGIIROL Gl. shiccw SCA Rh Ore K Al SiO; Os 

MPC MINGEEEG “psa cis Cdee whos ccaate ee: Gaette H,O(Fe, Mg) 2sAlu8i:3000 

Pema PRTC Tre ota Shoes AT oh faction chetas oes Magnesium-iron-calcium-silicate 
ProanizaGmilkey Var. eo Loss 5 ee Pe Si0, 

“STL SSL ecg Ren a H.Mg:;Si.05 

SLOG Sigh anne Nene ak er ea FeCO; 

SSL ee te H.(Na.Ca) Al.Si,O.; + 4 H.O 
OPER Bele ey Oe Sh Bin ts H. Mg; 81,012 

“AT ye ag ae are ce ZSiO4 


AMOUNT OF READILY SOLUBLE MATERIAL IN ROCKS AND MINERALS 


Before the results on the rate and extent of solubility on long standing 
are presented, it may be advantageous and of interest to consider first the 
amount of readily soluble material in the various rocks and minerals inves- 
tigated. These data are shown in table 1. They were obtained by mixing 
the powder with definite amounts of distilled water and determining the 
freezing point depression immediately. Two different moisture contents 
were employed, low (20%) and high (75%), but since the results at the 
former moisture content are not complete, only those of the latter are here 


presented. 
TABLE 1 


Amount of Readily Soluble Material in Rocks and Minerals at 75 per cent 
of Moisture. Figures represent freezing point depression. 


Name of rocks and mineral 75 per cent moisture 
C 
ANC ECs PIOGbesOMEISS. ofthe 2 .o6. hae axsteos seams ores 0.015 
Bani Coem rami Gee oo aida. ce bose ss gn e ue wis Sa ere See .021 
| ESTE) ALG Shs 5201S eae pre A PERL .018 
ENO b1We: SRATITEC Tas oo. s00.- nds ace doe oo we GA eee te ee .020 
BIG GhRer Oat errors Sais ceo ak ow rs sae ae eae oe .019 
Compact lithopraphic limestone: ...-. 2... 60. ..5: 018 
Crumb ledamitaesemiste... 2.05 ol. s:. Stee ate cea ego 010 
BM ise ete calieranie oot ele 2 hohe ATES meee est 020 
JE EYOTA cr .020 
HERG IMCOUS. SANUStOMES 2c... ... s 2 -.- sgn aie 31s hola vo .050 
Peru eAMeOUS SAMO SONG. a. 1. x-s eins at ots hn hee «5 .057 
Herrupineous SamOsbONe 2422... nice ccs eee. the bier oe .045 
Herrugimeous sandstone: ....- 25.0. sb eee es eee: .010 


MerrueimeouNs SANGStONG 2... .ce wees eee 2 .010 
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Name of rocks and mineral 75 per cent moisture 
ce 
Hornblend granite = me 5.0, 5 ae! nec eee .020 
Hornblend’ basait sc. sui sek, sk, ieee ene ae .020 
Hornblend eabbrosn. 2 +..s5 eee ee aes eee .018 
Hydrolic limestones <x (a) os oad eto aes eee _ .030 
Marble dolomite) is y.% set oak ce ee ie eee 013 
Wites-sehistton. alee ries. ate elon ie ecto eae .036 
Pegiiatiter..2 26s 2G ok ae ae Se eee .025 
Permdotite a 42s 2 ake Be eet oe eee 042 
Qubrizite spe io ae ee ad en ed eee .020 
OQuartaipe. ove see pe tate eee ee ee .022 
Quartzite (Baraboo) sooo ee ees ee .012 
Dcobch Pramitest oS once eit ae eee ee, eae .032 
Shales ec eect So Oe ee RAN sae i ae Pee .050 
Shales ost, heen tale Rain brane eet oe te ee oe .050 
Siliccous dolonites: ea; ae ee ee .050 
Dilideous sandstone <ry soa ks oe ee ee .030 
Syenite si 62 gees bok eas ees eee ee .035 
OVUM GE eS Cte eat eae eo Rae ts eee cc .024 
Amatite: je ie Cae Sa eer ee ae .022 
Amphibole 5239 508 bo ete eee .015 
Apophy lite <2 5.22 bt toseet i ee ee eee .069 
Caleites-( % 226) ac cakes eaten Cae eee eee .012 
ChE YSObC atts Baek pt oe ae eae ae ee ee .016 
Bipid ots ihe: wettese oh cis at Eisley a een oe ee .016 
CO roc hil RT Rt a AOE Ie Ree Sve rter eS Vs A tai 044 
FLETMIBGERE occ led woe Ue Le eel oo eae ee .O10 
Kaolimiter on 25 se: bene: Be ee ee Oi 
TORIES PF aot ASS Ri ee ahs ats ba i ee .010 
Ohivoclase,te.5.2),< 444.28 eee a ion aae Uae een .020 
Orthoclase ® occ. 445 ein tS i a eee ee .010 
Prochlorites ok veces re hs 8 RO ee O17 
PYyrOxene 3g eae es Los eee .030 
CHUTES Soy, 5 ap ees Sau oto ae ee .008 
perpentmel | hye 5 Me A ee Ce ae A a ne eee .050 
I CeNTbG ences se cece nak 4a te ee oc en .035 
Sulit sank oS eee aha ee ee eee 008 
TE ORC. sess ab oPe 2a, Oe ei eee ac, Ae eee 015 
PAR EOS PF oe os ex as eae ee I ee ae ee 010 


The above data show very emphatically and conclusively that there is 
not only a measurable but also an appreciable amount of material that goes 
into solution very readily whén unleached powder of rocks and rock-forming 
minerals is brought in contact with distilled water. It will be seen that the 
freezing point depression varies from 0.008° in quartz to 0.057° in ferrugi- 
neous sandstone, to 0.069°C in apophyllite. The majority of the rocks 
and minerals have a lowering of ‘the freezing point above 0.020°C. ‘These 
depressions, it must be remembered were obtained when the ratio of powder 
to water was 1 to 0.75 or at 75 per cent moisture content. At a considerably 
lower moisture content the freezing point depression of all those rocks and 
minerals which do not have a definite solubility or do not form a saturated 
solution immediately, will be considerably greater. Thus, for instance, at 
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20 per cent moisture content the freezing point depression of the quartz was 
0.028°, ferrugineous sandstone 0.145°, apophyllite 0.175°, shale 0.119, apatite 
0.059, ete., while at 75 per cent moisture, the depression was 0.008°, 0.057°, 
0.069°, 0.050°, and 0.022° respectively. In such materials as calcite, hem- 
atite, marble, limonite, etc., the depression at the low moisture content was 
practically the same as at the high. 

If we apply the formula which was established i in a mixture of all the min- 
erals and rocks employed that a depression of 0.002°C is equivalent to 100 
parts per million of solution then the concentration of the solution of the 
rocks and minerals varies from 100 p.p.m. in quartz, to 711 in ferrugineous 
sandstone, to 975 in apophyllite at 75 per cent of moisture content, and 350, 
1,811 and 2,187 p.p.m. respectively at 20 per cent of moisture. 

It is readily realized, of course, that the solutions of the different rocks 
and minerals may contain soluble material of different degrees of dissociation 
which may affect the freezing point depression slightly differently. The 
above formula, therefore, which was obtained from an average of all the 
rocks and minerals employed may not be correctly applied to all the different 
rocks and minerals. It is believed, however, that it gives a very close ap- 
proximation of the concentration of the solution of these various materials, 
in parts per million. 

The above appreciable amount of readily soluble material in the powder 
of the different rocks and minerals is obtained, with few exceptions, only 
with the unleached powder. When the powder is leached with distilled 
water, the readily soluble material is washed away and very little new ma- 
terial goes into solution to take its place, as indicated by the much smaller 
freezing point depression. This point is well exemplified by the data in 
table 2 

TABLE 2 
Amount of Soluble Material in Leached and Unleached Powder of Rocks 
and Minerals. Figures Represent Freezing Point Depression. 


Unleached Leached 
Name of Rocks and Minerals 75 per cent 75 per cent 
moisture moisture 

Co C° 
Bandea Wlotite MMeIsew. songs os ve ke She ses « OLOE5 .006 
Ban ete cihes vet ac sores pretty Seer O21 O11 
BiG ciie Sranines Sentra: saga cae ey oe otto s O18 .010 
ESTs GEMINI GCs ~6 rashes ot eens sae a ee He.) xo .020 .008 
iGintecenamiicn ree. bolts oo) ACTA Ee .019 .010 
Compact lithographic limestone........... 018 .006 
Crumbledimres=schist..-22)2.0 7.25... 2 Seo .O10 .006 
DD rae eee eet eae nthe ar co ead oy ths .620 .008 
JS SOTeIn (St ae Sats a a el gr Pa .020 .010 
Herrueimequssandstomes. (loin5% fey Penns .050 .010 
Merrucineous Sandstone 2... ks 205% .010 
MErrgsmieOus SAMdStONEG : ry. e se ees .010 .009 
HerrucimeGus SsamGstOne: 22... ss se. ee .010 .008 
netablend) aramite v7 oklr sc. ee oe .020 .010 
iPlcralislerel basalts. wee SN woe a .020 .007 
iEoroblend Saburo 5. 26s. fr ha. .O18 .009 
ER VO MCALIIESEOMC. 5.0)..\cy ok ok alc ee es as .030 015 


MMiarple- (loloniticy stoke ee ees ee ee .018 .005 
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Unleached Leached 
Name of Rocks and Minerals 75 per cent 75 per cent 
moisture moisture 
Cc C° 
Mica*schist. 0a eee a ee .036 .009 
Pepiaatitie a ce eee eet See ee ee ee .025 .010 
Pertdotite. ae eee ak eee .042 .021 
(nari ZAbe us ee eee ks or ce an eee eee .020 .009 
LEVEY Alf Sethe wae ty aaah enna em Sara PIES .022 .008 
Quartate moara booty .\n. <0 io ee ee .012 .003 
Scopeheramites:. x. camel se oe cee .032 .010 
Shite te tiers 8 hon es yo eteee he eer Se ae .050 .010 
Se eee ta nae see Mace Ra Nant Soe eee 050 010 
Siliceous*dolomiten sa an eel nce ae ee .050 010 
SiCCOUS SANOStONES . 08 2G); os) oe ek oe eee: .030 009 
DIY CALIUO corre suse Sees ace eaten cok cheek tony tec! .035 .008 
VGC apt toe eee Pe ee ee Pe ee .024 .008 
BiG OTS A ees Ue ear ok ace ase 50 Gn as, fae tec Ss Dan U7 .010 
N20 090 | 8/0) | papa ae ME Merrett Ieee Pec a, Aaiy a © .015 .008 
Apopumdllitercs’ -2% Sa. eee kee | Se eich .069 .027 
CRI CTS ete Poe ote eae cin ore ere toe ee ee ee a .012 .007 
CREVTOULER fa. ot, late eee ee a ee .016 006 
Rid Ote Feet eee xt acta ee eas hee cra mae 016 009 
Gy {ISU ey. ha oe eas eee eke ee 044 042 
TCMIAtTHCy).8. are aR ae ee ee eee .010 .005 
WCAG reey a8 pe Were iene Ore er Nor Tee ee aR O11 .010 
AG ITNOTT DE ee os See Aare try ee eye .010 006 . 
OlicOClASe is fet ccs fo ae .020 .009 
Orthoclaseete wit ees nt: oben eee .010 .008 
Prochlorite.:. cae Ses ete SOS O17 .008 
PYTOXENE eA oe ee eee .030 .008 
CoAT Ne es Cea ee oe ees oe eee ne ae .008 .006 
DER PemhMe le eheoite tei Mais ene at aeas ele 050 .020 
SCTE See On itt erected ky coe cs a tape .035 .015 
Stillsiheiree ieee her ekg eps Sale ee .008 .005 
“USS cae ee PER oc ti ses irs cis Wee alone ee .015 .010 
PAL CONW TRS Gs ents eos Mee Ana Mae: 010 007 


It will be immediately seen from the above table, therefore, that the freez- 
ing point depression, and consequently the amount of material in solution, 
is appreciably or much smaller after leaching than before leaching, in all the 
rocks and minerals, with few exceptions. 

These results go to show, therefore, that when rocks and minerals are 
ground very fine they allow a considerable amount of their material to go 
readily into solution, but when this easily soluble material is leached with 
few exceptions, its place is not immediately taken by other soluble material. 

The reason for these phenomena together with the nature of the material 
that goes into solution and the mechanism of solubility involved, will be 
discussed more appropriately and intelligently, subsequently in connection 
with other phases of the general investigation. Meanwhile it is desired 
to direct attention to a significant point that is suggested by the foregoing 
experimental results in regard to the amount of soluble material in the soils, 
and drift material at the glacial period. One of the works that the great 
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continental glacier accomplished was the grinding up of the underlying rocks 
into fine particles. According to the foregoing results land which was formed 
from this glacial material and which was not excessively leached must have 
been very rich in soluble material. When this land was enriched with nitro- 
gen, it must have been very productive. 


RATH AND EXTHNT OF SOLUBILITY OF UNLEACHED AND LEACHED ROCKS AND 
MINDRALS WHEN THE RATIO OF ROCKS AND MINERALS TO DISTILLED 
WATER WAS 1 to 0.75 and MIXTURE WAIS MAINTAINED AT ROOM TEMPERATURE, 


The subjoined tables contain the results on the rate and extent of solu- 
bility of various rocks and minerals in the unleached and leached state at 
75 per cent moisture content and at room temperature. Since there were 
two series which were conducted at two different times and for a different 
length of periods, the results of each series are given separately. 
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TABLE 4.—Rate and extent of solubility of leached powdered rocks when the ratio of rocks to distilled water 
Figures represent freezing point depression. 


was 1 to 0.75 and mixture maintained at room temperature. 


Days. 0 

co 
Banded granite....| .011 
Biotite granite.....| .010 
Biotite granite..... .008 


Ferruginous sand- 
BONO r Saye cys cocs .010 


Hornblend granite..| .010 


Hydrolic limestone.} .015 


Mica-schist........} .009 
Rernatite.,: 2.5 .<«. .010 
Quartzite.. 2.5... ...| 009 
Scotch granite..... 010 
SIEGE Bie BS oe 010 


Siliceous sandstone.}| .010 
STiGrnole Aa Re 008 


-010 
O11 


TABLE 5.—Rate and extent of solubility 
distilled water was 1 to 0.75 and the 


freezing point depression. 


Days. 0. 
C°. 
PADAULUC ooh citem es £022 
Amphibole........ 015 
Apophyllite....... .069 
CAG Sines Coats .012 
Chrysolite (olivine).| .016 
1570166 (0) (7 ee See .016 
GRY PSU ees 2 6: escesnsier- .044 
Hematite (micaceous)| .012 
iaolinites oo... «6 .O11 
MALONE «cis. ble sols oe .010 
Olipoclase. 5.02235 . .020 
Orthoclase... <...- .010 
‘Prochlorite.... << .- 017 
Pyroxene...... 030 
UATE 5 te orate oie. s.s 008 
Serpentine........ .050 | 
BGenite ses... er Sys .035 
SEMDIEG = c., ci eS cres 008 
LAGS [eg A, oer 015 


.015 
.012 
.023 


-020 


of unleached powdered minerals when the ratio of minerals to 


mixture maintained at room temperature. 


Figures represent 


.001 
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TABLE 6.—Rate and extent of solubility of unleached powdered rocks when the ratio of rocks to distilled 
Figures represent freezing point 


water was 1 to 0.75 and mixture maintained at room temperature. 


depression. 
Days. 0. 1 2 4 8 12 22 30. | 54 | 68 | 80 
| 8, ,|- Gee | 6% |e | ea | Geni cell G2 al eee 
Banded biotite-gneiss...... 015 |.015 | .012 |.013 023 | .015]| .023 | .020 | .020} .021 .024 
Biotitejgranite: ....54--)4-- .016 | .017.] .020} .016 | .017 | .018 | .024| .020, .020; .022; .027 
Compact lithographic lime- 

BLONE 028 eases selon es £018) -O18 |} JO016)| -014)| [018 |) 2017 | 2017) 017 | 017) 2018s eos 
Crumbled mica-schist...... 010 | -012 | .012 | .012! .010 | .010} .011 | .015]| .015 | .018 | .017 
Da DaSC op csties oerans et a cureheie« 020} .018 | .020} .020 | .019 | .020} .020]| .020} .020| .021 | .020 
DI OTIFC F250 2 ste 2:16) sees tole 020 ! .017 | .020 | .020| .019 | .020} .019 | .020| .020| .019 | .025 
Hornblend basalt.......... 020 | .023 | .020 | .022 | .023] .020]| .020) .022] .022; .023 | .027 
Horblend gabbro.......... .018 | .020 | .021 | .019 | .019 | .021 | .021} .021 | .022]| .020| .020 
Marble (dolomitic)........ .013 | .013 | .014 | .013 | .012| .015 | .019| .017 | .026| .026] .028 
Peridotite:; aris crests oe otek .042 | .043 | .042 | .040 | .040 | .040 |] .042] .040]| .047 | .050} .055 
Quartzite (baraboo)........ 012 | .012) .010} .012| .012| .011 | .011 | .012) .011 | .012 .012- 
Red roofing slate.......... .021 | .020} .019 | .019 | .019 | .020| .020} .019 | .032] .034 | .036 
Siliceous dolomite......... .050 | .047 | .045 | .045 | .046 | .048} .048 | .050} .045]| .045] .050 
BITE arc ecoanacunoetches 050 | .050 | .048 | .046 |} .042 | .044] .044] .041] .041 | .040] .038 
DVO LG oie. 5. 5 cher loferarasatexs onsite ’s 024 | .022| .022] .020| .020| .020] .020| .024]| .024} .023] .025 
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TABLE 7.—Rate and extent of solubility of leached powdered minerals when the ratio of minerals to distilled 


water was about 1 to 0.75 and mixture maintained at room temperature. 


point depression. 


Days. 0. 
* . 
PARAL ILO ao- otch orabei oP fe (er chaiecabars a lenane eionetate neve sis e055 .010 
PACHTED ED OIE ye coarse ete anerdieis wre CR ae sisi e ai Sete .008 
PAMTIOB EU ECE hv cee, ace, a, susrtue i spay shereasPa the ate tre so bie ae oe .027 
(GENS Be Ae Cn GEM Ae COig Sr fet cor CCCs Oe .007 
MEERYROUEG ass cexcrnias Dale Clee ee eatin x ow alesis e's . 006 
LOTTE oe Gee Bd Dee Cane a eee Ie a .009 
CRAG DTT otc OS RARE Cea RRC Ronee Co RCE 040 
VGH AvITes (NICACEOUS)). Sia i n.2 auc bie es Se « woe eS eas anes 005 
SHAS HNTL LO srchets te RS Skool otisy ec-clcys, rsuers ce Sue Ado eal dies 010 
HERI OD NCO Skis arsine eat ici a7 ol aos «weavers Slay cieye @ acerara las 006 
CU EYEO IG ENGEL ate Sh aI di ioe ne Pg ca .009 
WOU OGEASC See sorte ee en ue doth Se ous tetas = says Zar dytoney 3% .008 
PPFOCHIOTICG: sete ride ie e's ahs susdeqsa,s ato. 2 ay ote helen) ae 008 
TARO GE tess Gon Oot a aoe Bea one OOo ODO ck 008 
OUNABUZ Na vars ioe <i cs tides cree ro we ais eS ese s © oes 006 
‘STIG ie Oe seins OE CIO en ONC cae aie oe 020 
REL OELCC ey ofA eWese shay Sls eey ssencvofee shel oii S46 Siar seliavae 015 
SMEG Ger races chaise so ys arclars Pins miele Faye mons) eyes = 005 
BEEN Pee Micka cys tae actisleieeiel al sto mabe eerste Ses hokey of 010 
AICO Se Ses Cache OS Ae OS ES Ee Dee ETRE 007 


.013 
. 006 


Figures represent freezing 


TABLE 8.—Rate and extent of solubility of leached powdered rocks when the ratio of rock to distilled water 
was about 1 to 0.75 and mixture maintained at room temperature. 


Figures represent freezing point 


depression. 

Days. 0. 

os 
Banded iolite-eneiss.. 9.23% iscereeiel « sic apr ajerees .009 
WSTO MEG ETAOI LO ay otras cferers, ost clele nes Sema aoe . 006 
Compact lithographic limestone................ .006 
Crum pledumnies-sehist ean Ko srcle cee ales) ois sce oriole! ov . 006 
TAD ASCE Soh sate 5 cpsre ai et cieie, slzce cteie's oe s!oialele eat '5 9 ars .008 
IDI OSA acco udebioen 6 Spy enooe oor te obi a ciaue 010 
Frornblend Dasalts.2.\5 4 -1s).s <1 suve, ol srerd acels otatetane 009 
EloOrn blends SabbrO nt. Sr\s ekieoc ciclo ie ste deigs acs ae .009 
MraArHlex(GOLOMItIC ays sean sacl Waco cis eho ee ae .005 
ETIMOULOurepmettereysie’> als crs t,4 oe Gat a's aia) Pies ease 2 .021 
Quarizito (DAVADOG) 5 5 onic SB ccclee cinco a riewe .003 
HOC MOONS SIALG ee siciseerers aiclee etevois ne ieee elas « .008 
siliceous dolomite ns ..>, st ..0ie=/rers oes aieie a sctiers Ses = .010 
S117! OS GHS Ge CODD COE tiot ctr ee atioe herr ce 016 
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Considering first tables 3, 5 and 6 which contain the rate and extent of 
solubility of the unleached rocks and minerals, it is at once seen that there 
is very little, if any, additional material that went into solution after the 
first contact with water. Although the mixtures were allowed to remain 
for 107 days in one series, yet the freezing point depression hardly increased 
more than 0.015°C, and in the majority of the samples the increase is less 
than 0.010°C. In fact in a few-rocks and minerals the initial depression 
has decreased instead of increased. Thus, in shale for instance, the depress- 
ion has decreased from 0.049° to 0.018°, in one of the ferrugineous sand- 
stones from 0.059° to 0.032° and in serpentine from 0.050° to 0.025°. 

Considering next tables 4, 7 and 8 which contain the data for the leached 
rocks and minerals it will be readily observed here also that very little, if 
any, additional material has gone into solution above the initial amount. 
The increase is only about 0.010° or less, in about 50 or 107 days. With 
few exceptions the leached rocks and minerals do not attain the same de- 
gree of freezing point depression, or concentration of solution, as existed 
before leaching, at about the same moisture content. 

From this phase of the general investigation, therefore, three main con- 
clusions may be drawn: (1) At room temperature the rate andextent of 
solubility of rocks and minerals both in the leached and unleached condi- 
tion are very small after the initial solubility. (2) There seems to be an 
equilibrium attained in solubility. This equilibrium, however, as will be. 
shown subsequently, is only apparent and not real, with few exceptions. 
(3) In few of the rocks and minerals there is a tendency of the initial ma- 
terial in solution to go out of solution, or at least the freezing point depress- 
ion decreases. This is especially true when the rocks and minerals are un- 
leached. 


RATE AND EXTENT OF SOLUBILITY OF UNUEACHED AND LEACHED ROCKS AND 
MINERALS WHEN THE RATIO OF ROCKS AND MINERALS TO DISTILUED WATER 
WAS 1 to 0.75 AND THE MIXTURE WAS MAINTAINED AIT A THMPERAITURE 

OF 53°C. 

In the tables below are presented the results on the rate and extent of 
solubility of unleached and leached rocks and minerals when the ratio of 
rocks and minerals to distilled water was 1 to 0.75 and the mixture was 
maintained at the temperature of 53°C. The samples of these rocks and 
minerals were of the same original material and prepared exactly the same 
as those at room temperature. The moisture content also was the same. 
The results of each series are presented separately. 
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TABLE 11.—Rate and extent of solubility of leached powdered minerals when the ratio of minerals to dis- 
tilled water was about 1 to 0.75 and the mixture maintained at a temperature of 53°C. Figures represent 
freezing point depression. 


~< 


—— 


Days. 0. 3. iil 21. 37. 50. 65. 95. 
C°. es Ce: Ce: Ce. 123 o» Oe 
PD RULCO Bierce Senin ccs apie tails (ord wsale ses Gevyay ee .008 | .010 | .008 | .018 | .031 | .0386 | .052 . 007 
PAGED OLG sane peicperch eae trstet Nees aloe cass .010 | .018 | .022 | .026 | .056 | .063 | .100 .124 
PN DODINVIIEG s,s nance ocuees cls nayctelerale, sysvepana yas .027 | .039 | .034 | .036 | .050 | .050 | .056 .055 
CORI IG IGS Ge eee SAIS cicae Seis DOr ei RoIaras .007 | .009 } .010 | .018 | .035 | .037 | .050 .060 
Whrysolite i dccthar ik oa eletetsreee Fark lee els 005 024 | .046 045 110 140 160 220 
CGV SUITED arenas touche merce) sacha hs eis see aus Later acs 040 040 043 044 052 055 058 069 
Hematite (micaceous). =. ...0-s- 526.260 HOOD cOOSM |e SOO2F fe renpecocilherctey-nctlltaueve vane cy|istaneha oe lCaevcorere 
FER LT MA GO ee lar ty. Yona raga Goce bilan disks ce wherein .008 | .010 | .014 | .014 | .013 | .013 | .013 | .014 
RRTOTLG OF Piptye ors acne chad Seco menodaterweameheoss, .005 | .022 | .020 | .025 | .0380 |] .033 | .044 045 
Olizoclases a .7.8 5. : Oy) ean eo ae .007 | .020 | .027 | .033 | .048 | .058 | .068 .114 
OEthOClaSG aie tA civid path ee Coe ee .005 | .010 | .020 | .020 | .022 | .023 | .050 .073 
PTOCMIOTIGC sre ren Mes ceo atte oes Mea iacs a « 008 010 | .008 O11 O11 010 031 030 
PAVLOROUE Eee. ct vacatere Pacis iors) cvchels to cmetevsaccko rs -005 | .005 | .005 |} .010 | .015 | .018 | .030 .050 
( DG TWA aca Oren Re RRO EAE CREB Cee CEE ne cect .007 | .010 | .010 | .016 | .123 |} .153 | .202 307 
DORDEM TMG. Pt. cencarre ule tho cata Sate ee .020 | .019 | .040 |} .054 | .110 | .198 | .265 . 340 
SIGERLtO sep retstenees erers te ee ees asad + os levate 2015) 1030) |) 0265), 3036))>-060" |), 080: | +100) |e. 
[Stu Lio) Ie sete cootaie Ca ticns SOR POr = Cee mer et 005 001 008 008 020 038 038 038 
Tale Beattie crPeSet el wucuctensh che, coo cues eaten ails sre 010 015 012 023 034 040 049 048 


TABLE 12.—Rate and extent of solubility of leached powdered rocks when the ratio of rocks to water was 
about 1 to 0.75 and mixture maintained at the temperature of 58°C. Figures represent freezing point 


depression. 

Days. 0. 3. iil 21. | 37. 50. 65. 95. 

Ce C°. hae ee Ce Oe (Ox Coe 
Banded biotite-gneiss.................. 2008 AE OLA OUAl Ie OTK roc irocllhs..: cba & lll a-01 axes culeosoba etek 
IBiOtitenetanite wate aacis sesh aloe sss eels Ace OOS a Pe Ol ool AOULI en Rene nre Ui zee e ne al goeet ns Suita eee cee ea 
Compact lithographic limestone......... .006 | .014 | .015 | .015 | .030 | .040 | .063 . 060 
Crumbled mica-schist.................. .005 | .006 | .006 | .005 | .022 | .032 | .032 .048 
LAD ASC) rapes si 5 sisteetora tote. ye Sa aveerye eee .005 | .010 | .020 | .020 | .048 | .048 | .054 .069 
DLORICC oe. dct sectacerd sw Shaldie heicdelcunises els ¢ SOLOS | VOL OL2 ae OLGH Ost OStenen039 .047 
HormbledteabbroOms aes. «sore setae soe cess .008 | .010 | .010 | .016 | .026 | .028 | .052 .082 
Marbles(dolomitic)ia: ce eres ei ee .008 | .010 | .010 | .017 | .053 | .053 | .069 .071 
BOLIC OLILOS feet nrsys cue, che cvcleherusyelts Cockine, sh syste OPO | LOZ | COPA | OSB | ORD Ee eeoaibacanellboosar 
Quartzite (baraboo)..........2......-.- F003 4 > 0145) O21 | 2040 1G) 123% | lo2 .278 
ved roofing slate... . 26a. sece. ee as ....| .009 | .020 | .018 | .018| .027 | .029 | .034 .034 
Siliceousidolomitenaaecee eels ete FOTO PE O2 05 | Olas AOS sm pO pesOoilenl/ sats rcir| llr crete 
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From an examination of the above data it becomes at once evident that 
the temperature of 53°C had a very marked influence both on the rate and 
extent of solubility of all the rocks and minerals, both leached and unleached, 
with few exceptions. With the exception of shale, and kaolimite the rate 
of solubility was considerably hastened and the extent greatly increased in 
all of the rocks and minerals. In some of the rocks and minerals the amount 
of material that went into solution at the end of 83 or 95 days is really tre- 
mendous. ‘Thus, in the unleached condition the depression of one of the 
biotite granites rose from .019° to .083°, in pegmatite from .025° to .137°, in 
quartzite from .020 to .132°, in siliceous sandstone from .030° to .058°. In 
the leached condition the depression rose in amphibole from .010° to 0.124°, 
in chrysolite from 0.005° to 0.220°, in quartz from 0.007 to 0.357°, in serpen- 
tine from 0.020° to 0.340° ete. Expressing these depressions in parts per 
million of solution, the amount of material that disolved was as high as 1650 
p-p-m. in some of the unleached rocks and as high as 4962 p.p.m. in some of 
the leached minerals. 

Of all these results the most surprising and unexpected are those yielded 
by the quartz and the quartzites. These materials gave the highest solu- 
bility obtained with one or two exceptions. The quartz gave a solubility 
of 0.357° and the baraboo quartzite 0.278° at the end of 95 days, and two 
other quartzites 0.113° and 0.132° respectively at the end of 83 days. When 
it is considered that these materials are supposed to be composed almost 
entirely of silica, which is believed to be very insoluble, their tremendous 
solubility is certainly most surprising and unexpected. Of course, these 
materials were impure, as indicated both by their rather darkish color when 
finely ground, and by their alkaline reaction to phenolphthalein, but it is 
hardly believeable that they contained more bases than some of the other 
rocks and minerals which gave a considerably smaller solubility product. 
Indeed analyses showed that this solubility product consisted almost entirely 
of soluble silica which after the solution became supersaturated with it, was 
precipitated as hydrated silica. Another interesting point about these sili- 
ceous materials is that their rate of solubility is highest not at the beginning 
but after a long time. It seems as though after a certain length of time in 
contact with water and at the high temperature, they underwent decompo- 
sition and allowed material to go into solution more rapidly. 

The high temperature did not increase the solubility of kaolinite and shale 
and one of the ferrugineous sandstones. The initial depression of the freez- 
ing point of the shale and of one of the ferrugineous sandstones not only did 
increase at the high temperature but actually decreased. Thus, the de- 
pression of the shale decreased from 0.65° at the second day to 0.045° at 
the end of 83 days, while that of the ferrugineous sandstone diminished from 
0.062° the third day to 0.042° at the end of 83 days. The shale, behaved, 
as it will be recalled, similarly even at the room temperature. 

Although at room temperature the solubility of nearly all the rocks and 
minerals becomes stationary from the beginning, at the temperature of 
53°C it continues to go on even at the end of 95 days, without any apparent 
signs of stopping, and in some cases it progresses with an increased velocity. 
These results go to emphasize two important facts: (1) that the solubility 
of all the rocks and minerals, with few exceptions, is so slow after the initial 
solubility that at room temperature it is hardly perceptible, and (2) that a 
higher temperature tends to decompose or hydrolize them slowly but per- 
ceptibly. 

Another very interesting point that is revealed by the solubility results 
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at the high temperature is that even though the rocks and minerals are 
cooled to two or three degrees below zero centigrade the solubility product 
still remains high, indicating that they have not yet reached equilibrium or 
the saturation point at the temperature of 53°C. 


EFFECT OF HIGH TEMPERATURE UNDER PRESSURE OF THE SOLUBILITY OF 
LEACHED ROCKS AND MINERADS. 

Since the foregoing study showed very conclusively that a temperature 
of about 53°C had a very marked increasing effect on the solubility of nearly 
all the rocks and minerals, a desire arose to investigate the influence on sol- 
ubility of a greatly higher temperature but at a shorter period. According- 
ly, into a second series of freezing point tubes were placed equal amounts of 
leached powder of rocks and minerals and distilled water as were employed 
in the previous temperature series, and each tube carefully weighed. All 
the tubes then were set in an autoclave and heated for 8 hours at about 26 
pounds steam pressure. This steam pressure is equivalent to a temperature 
of 117°C. The tubes were then taken out after cooled, brought back to 
the original weight by the addition of distilled water, and the freezing point 
depression of their contents determined. In table 13 and 14 are presented 
the data obtained. For convenient and immediate comparison the depress- 


ion before heating and that at the temperature of 53°C are given in the same 
tables. : 


TABLE 13.—E fect of heating wnder pressure on the solubility of leached powdered minerals when the ratio 
of minerals to distilled water was about 1 to 0.75 and mixture maintained under a pressure of about 
26 pounds for about 8 hours. Figures represent freezing point depression. 


° 
vesting, | pte, | femraion 
Ge (Ol ey: 
PAA TLU Osetra See ee a Be tk ee eee ne .010 .042 O77 
AAUID EN DOLG eee eto Me one eine eee ohne oe eee .018 .032 .124 
PA OOTY TTC se eso een era ot eee Oh sees ee .027 .054 .055 
CICK Re sae epee cts eri aes a yccg se OAs itn ote ae . 007 .043 .060 
10) G C0) 1 Aspartate eee .009 OIL e mel eo eee erste ere sere 
(COS LUETS eens epee tas CRS eer Occ tone Rear ee .040 -050 3 .069 
Hematite (micaceous).............. athe eek thet .005 SOLON abe,” (he chatnt.c oct os 
enol ter acta cote Rao. Boe ee sae St) we hee els .010 .010 .014 
SIMOMIGC reyes es EERE ea akc tere Da tata ein ea . 006 .019 .045 
Olionclase meter. tate Coren eels reieeaei ass lator ae aaa . 009 .039 aa lg 
(ORT A SERPS Rom oh tm cick Aiea tare eee Otc ne ene .008 .028 .073 
IETOCHIOTICE:s faasyotecs pan eiab tig Dees Bb Sy sane eae Se Shea! « .008 .020 .030 
SE dey shi bese e rao 6 che betcha ico CO eR ICCRORG eae ae .020 SUS . 340 
SUG Sal Se sate Romaine oom Rea Raa toesae Se ene ec aeeme geRe -015 LUE Pa yl a etnOicn oa eter 
PSH Ulen ies & B ies Samii een ede Ny eres ts tie nem tee icies ee .005 017 .038 
PDs ULE eek Welle poke wes nia eee sue us) ed SUNN eee tinea etd ehetesects .010 .030 .048 


YRBI CO OT» Of s WEAR? 7, Si otect eee CU a cr Rine nee a: Se ee en em . 007 .017 
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TABLE 14.—Effect of heating under pressure on the solubility of powdered rocks when the ratio of rocks to 
distilled water was about 1 to 0.75 and mixture maintained under a pressure of about 26 pounds for 
about 8 hours. Figures represent freezing point depression. 


a I 2 
deste. | erate, | temperate 
Ce. (Oy Co: 
IBiotite” eranites cece shoma oi senate Geto cheese a . 006 AO 22 Me tosors euros etarereete 
Compact lithographic limestone.................. . 006 .038 . 060 
Grompbledbmilcaischistine, wise circ yee ie ete . 006 .015 .048 
MDIOLILGE Petstere eres chess NT a cheehors hens LeRoy eters .010 015 .047 
Hornblendigabbron esc. cc sce ccm abe ers eres .009 029 082 
INearblex(dolomiutic) s occ e's wus steteat © ane apstahe avers vs erator .005 074 .071 
Ike (eats Sou RAO One OM OOS Dm Gnacobion oat od DOD .021 . 047 * 
RECsrOONNE’ SlALG:.- <r eetetanssctee eles eee te erie .008 027 .034 
RSiliceous dolomite. 055. 2.20.4 2b en Se nate .010 ats em . 
Hales ta teaiy iets cristo he ae ie oer ep outers ase te .016 020 ¥ 
SV Clit @syaia coin cksesir Me arc elo Cb heenennreiee aeremetete cine .009 025 . 


Quartzite:(baraboo)\s sis,..c.cie re ci crete ts witeued avers ye, eicoteramteye .003 .070 .278 


*Tubes broke. 


A comparison between the first two columns to the left in the above tables 
reveals at once the fact that heating the rocks and minerals under a steam 
pressure of 26 pounds, which is equivalent to a temperature of 117°C, for 
8 hours, markedly increased their solubility product, and this increase was 
greater in some rocks and minerals than in others. The increase varies from 
0 in kaolinite to 0.032° in apatite, to 0.069 in marble to 0.095 in serpentine. 

By comparing the last two columns to the right, however, it is immediately 
seen that the increase of solubility under the steam pressure was not any- 
where as great, especially in some rocks and minerals, as that at the tem- 
perature of 53°C at the end of 95 days. Under steam pressure, for instance, 
the depression of the amphibole was only 0.032,° and serpentine 0.115°C, 
while at the temperature of 53°C at the end of 95 days it was 0.124° and 
0.340°C respectively. Evidently, therefore, the steam pressure of 26 pounds 
for 8 hours did not produce the same amount of solubility as the temperature of 
53°C for 95 days. 

Under steam pressure the solubility was affected not only by the tempera- 
ture but probably also by pressure. To what extent the latter influences it 
cannot be stated. ; 


RATE AND EXTENT OF SOLUBILITY OF UNLEACHED ROCKS AND MINERALS 
WHEN THE RATIO OF SOLID TO LIQUID WAS 1 TO 5, AND MIXTURE MAIN- 
TAINED AT ROOM TEMPERATURE AND ALSO AT A THMPHRATURE OF 53°C. 


Definite compounds, at any given temperature have a definite solubility 
which is independent of the relative masses of solid and liquid. In the case 
of soils it was found that their solubility product depended upon the relative 
masses of solid liquid. Jn order to ascertain more definitely than is indicated 
by the foregoing results, if the solubility of minerals and rocks is also inde- 
pendent of the relative masses of solid and liquid a series of experiments 
were performed. ‘The procedure consisted of adding 25 cc of distilled water 


EXPERIMENT STATION BULLETINS. 


309 


to 5 grams of unleached minerals and rocks and determining the freezing 
point depression of the mixture immediately and at various intervals for a 
prolonged period. Two different temperatures were employed in this series 
of experiments: room temperature and a temperature of 53°C. The results 


obtained are shown in the tables 15 and 16. 


TABLE 15.—Rate and extent of solubility of unleached minerals and rocks when the ratio of solid to liquid 
was 1 to 5 and mixtures maintained at room temperature. Figures represent freezing point depression, 


Days. 0. 

Co: 
PAID DULL h eran tency are HCH RECO eTtnes be heads ode eee a hoe . 007 
PANTAT TD LUPO Ce Re eee ee yee Pe shn Pi o Nesey eee cporen een books 007 
ANTOOyo) eR AVES oe cena made nach etracy OPC CES. A EAC tic ict 025 
(COMO TICES ereeai antec cle, ORRRIeOts ORIG Sen nace Recreate Rie eae 005 
GhrysqlotGa as cc thas sculls ae eae ae AORTA Te eee ee ne 007 
(@ nfo iiran lS Fae ee ee ae beers eet oN ee ae oe a ee eee 035 
VBIGN CTE ADC), mraeocet a cheeses Ligh shee + iEh cLoiokekes Chom Reac er aN ee aE 003 
IONS LCs er Oeicras s Nomar athe oes eG EPC Ie Once ee RRS eo 004 
TEUIMONICG  Meameystvt pe ateene epee crs i Peeege: Nee ReeS are Sag Sites ate 007 
Ol SOCAN CRE nce ees tao Na isos eee eters ta ctead rom ahel ee a .008 
Onthoclase sonnet ete oe tee re ie sit Od twee ee ioee .007 
IBLOCILONILG Hays -reern We tecn sett eter Go cini tn eta ghee wsevals ae 003 
1PATAOR GOO eta Bric RCTS oo Bae ot te EER cS NS eee ae .009 
(QIUENWA6 ev orerniobta Org Ole Ger O CRATE: cr C ORO RIE CCRC tote 004 
SYS Hr ONE ot hae) i oh Sort ees rial cect cate GRY Ea ee ENE ir ena .013 
Sid erdteetrecra wecsercns tic reotsrcie a orehy ci aye cevciete wi arectamiolc ans are O11 
UII G Cy parry. eee ee Raporeks ate aes SINR ots Hy Sedgen an alee eeweveee 005 
SIV Comes Seat tay) <yetPeteyss oh Pay eeeney cas car tud chal apets ora euelereyD yb. doe 6 005 
ZAAT COM re tereh hava ae feyareneeisaseslatel eve Mees ole eiells sie SEU ey pede chs 003 
Banded biotite: granite scuh. vgs hao sva deere A ees Shas .008 
Bio tites ararutespessve cessesyederee ro olay: aes Telterowa “eae = oie Sa .012 
Compact lithographic limestone. ......4.2.+00+m@ «+++ . 006 
Cnumbledsmica-schistmasvecrssciies ae else eeeta era . 003 
Diabasemrvcnsrurryce- inicio ae ees Glo letersi . 007 
DL OWL LE sre sity ness, aichetalses iovantts cies felcld ei suds ae siklg dale wiaoe/e 005 
Horublendsbasaltivter cases steleuk a cd see ake acon 004 
Hormblend: zabDromtew » cccismcro ec cheusieec aoe oe Wiebe chsrarsrsnanaye .005 
NMarblen(Goloraitic)ratcewertee cis cleat ialiie hase vitee . 004 
sPoxida tives tre wt tes Ses ee ete EUS 005 
Quantzites(DardboOo) ees emic-ecve ca stato niet scree wieh .006 
LE CRTOOLM Es Sat ela. pusresrs ous ctaicist os cieecval hoe ahek cere oa eeu anche .005 
Siliceoussdolomites. cy svae cts e eects ayn oe ankle sha ore .012 
Sa OS er edverstcra chante cre ed ech Mepis) Aiea oseeusvebad ells 009 
PO VCULLG Sepetote acs stalecameacvsna ects ial eh oatslnteies sicereeterenatee. case hoes 005 


3. 


6. 


13. 


22. 


30. 
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TABLE 16.—Rate and extent of solubility of unleached minerals and rocks when the ratio of solid to liquid 
was 1 to 5 and mixture maintained at a temperature of 53°C. 


Days. 0. Bs 6. 25. 32, 37, 90. 
ciatito. ,), - USE aa an ae AS Das Ase: cate Soins alee eee 
Amphibole Wes. nce eer ee Carats oe oe .008 | .010 | .010 | .020 | .020 | .022 .034 
ADO DH Wite rcs arc vorye ete kes rote oe sepene, Bou ee ot ones .027 | .034 | .0385 | .050 | .051 | .052 .060 
(Chi lGh amare 8 cao 6 olde orem a Baoan Deon eR my fon .005 | .010 | .014 | .020 | .020 | .020 -031 
Chrysolite...... OG ae TONS “RENCE OI GSO aie .005 | .008 | .010 | .018 | .025 | .027 .052 
Gey SULT Pe eee Arcgter es Poe crane ape. one sete te ees enc .035 | .041 | .040 | .045 | .046 | .046 061 
LOMA titer epee tetas nete ce a tah here ln eens .004 | .005 } .005 | .020 | .022 |. .023 .046 
KaOHniie enacts ok: rn ota Pere ts yee: aon o Gis paket alors .005 | .006 | .008 | .010 | .013 | .015 .024 
Ol eOClases3. hs Meine saustacos tee aero oe te ee: .008 | .009 | .011 | .018 | .020 | .021 .040 
(PrOCUIOLITE +o nee eed «heat oe toaa clea: aneke oe omnes .003 | .010 | .013 | .015 | .015 | .015 .045 
PyTOXONE™.. 2 024s crsietie Ry MOE ao eee PF aa S 009'-|" 502441" 20155)! O16 FOL7, |) -2020 .039 
Quarts nates Poet ictine Site Dae is cesteicre erates .005 | -.006 | .010 | .040 | .050 | .051 .085 
SETPCHEING -7.t coh. cues crete a tree cee cer oles Muctiote teneaemere 2010 VOLS SOLD) O23 20458) A046 .085 
Siderits ss Scso eee as ese ete tack oolraghss Buea tena eee .012 | .025 | .025 | .025 | .027 | .035 . 062 
SUUDILE: aha store ee etaca peter he Pere ee ee ee 006 006 | .010 012 017 018 029 
MBG 2°32 eS sue OM ey aT ol atc ave Syl aiel eal Seep ete 005 006 007 012 024 026 100 
ZAT COD Gis FAC Sc orto, eae Ie ee ee 004 ||" 0055) 2006) S01 ee Ol7 a\esOls .022 
Bandedbiotitejeranite.c to voics . cuee eee de stds .008 } .010 | .015 | .023 | 2023 || .023 .044 
BIGtiPOE TANTO. 2)... cthcteytuenecrose rename yeeros eae .010 | .011 | .013 | .016 | .020 | .020 .055 
Compact lithographic limestone................ 007 "|; O10)" 20125) 2012) | 2014), S019 .039 
Crumbled mica-schist)-. 3 tcvss..telets =o eee .003 | .004 | .005 |} .007 | .010 | .010 .027 
WDIAVESE ne corse seekers oni aey eae einen pe eee 007 | .010 | .010}) .013 | .016 | 7018 .043 
WOT OLIGE: faye recvd = Sealepers ote es Site ae Ae kel cise ate ee 006 010 010 022 027 027 045 
Hornblend: basalt. 2 2p mcd. sete eeeamene re 004 | .008 010 017 019 019 040 
Marble; (dolomitie): Satmcate seus seittavrae tetera anes .005.| .006 | .010 | .020 | .020 | .021 .035 
Peridotite: oa. bc/t55% sie topes oem wees ae eee .006 | .006 | .010 | .027 | .026 | .028 .049 
Quartzite (baraboo) \.. a. bee wee eee erates .006 | .010 | .010 | .021 | .023 | .024 .065 
IREGITOONNE SIAtCLs . si.chacGicsstsatorere cs eae easton S006) 5 LOLA a O21 || MODS. |S crc chet leeauencieatl tenors 
Sade Res eid e at Gye ceo tate lv uel oes en eres ieee eee eee 009 010 012 016 020 023 045 
DS VEDIUGS ssa adv cis oie Bs» lavaieteeg nic eee bie oretene tte naae ae 005 008 | .012 014 020 021 075 


Considering first, table 15 which contains the data obtained at room tem- 
perature and comparing it with the corresponding tables 5 and 6 it will be 
readily seen that with few exceptions the solubility in all the rocks and min- 
erals is much smaller at the ratio of 1 of solid to 5 of liquid than it is at the 
ratio of 1 of solid to 0.75 of liquid. Indeed, in the majority of minerals and 
rocks the magnitite is only one-half or one-third as large at the ratio of 1 to 
5 as it is at the ratio of 1 to 0.75. In some of the minerals, however, such as 
the calcite, gypsum, hematite, limonite, etc., the solubility product at cor- 
responding dates is about the same at both ratios. 

These results, therefore, are very much the same as those obtained with 
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soils under the same conditions, and would go to indicate that the minerals 
and rocks employed do not seem to have a definite solubility, with few ex- 
ceptions. If they do, their rate of solubility is so extremely slow at ordinary 
temperatures that they may never attain complete equilibrium. 

Considering next table 16 which contains the results obtained at the tem- 
perature of 53°C it becomes at once apparent that even at the high ratio of 
liquid to solid the elevated temperature had a very pronounced influence on 
the solubility product on all of the minerals and rocks with few exceptions. 
By comparing these results with those in tables 11 and 12 it is readily seen 
that the solubility product at the ratio of 1 to 5 is about as great as that at 
the ratio of 1 to 0.75, at the corresponding dates. Evidently, therefore, 
at the elevated temperature, the solubility product of the minerals and rocks 
is not so dependent on the relative masses of solid to liquid, as it is at lower 
temperature. This fact, however, does not mean that the various minerals 
and rocks have a definite solubility. 


DISCUSSION OF RESULTS 


The experimental results thus far presented have shown the following 
main facts: 


(1) That the amount of readily soluble material in the unleached pow- 
der of rocks and minerals is quite appreciable, especially in some rocks and 
minerals. 

(2) At room temperature the quantity of additional solubility after the 
initial solubility both in the unleached and leached rocks and minerals is 
extremely small, even for a period of over one hundred days. 

(3) At the temperature of 53°C and also at the steam pressure of 26 
pounds, the solubility of nearly all the rocks and minerals employed was 
considerably increased, and in some rocks and minerals greatly more than 
in others. 

(4) At room temperature the solubility of rocks and minerals was much 
smaller at the ratio 1 of solid to 5 of liquid than at the ratio of 1 to 0.75. At 
the temperature of 53°C, however, it was about the same at both ratios for 
the same date. 

(5) The solution of all the rocks and minerals employed reacted alkaline. 


From these experimental facts two outstanding conclusions are very ap- 
parent, namely (1) that the rocks and minerals employed, with few excep- 
tions, do not show a definite solubility as definite chemical compounds do; 
and (2) the equilibrium attained in solubility at the various moisture con- 
tents and temperatures is only apparent and not real or absolute. 

A consideration of the nature and composition of the rocks and rock form- 
ing minerals together with the type of their reaction with water, makes the 
above experimental facts and conclusions appear reasonable and logical. 

The minerals which go to make the rocks are largely salts of a strong base 
or bases: sodium, potassium, calcium, magnesium, ferrous, iron, manganese, 
ete., combined with a weak inorganic acid: silicic, aluminic, alumino-silicic, 
ferro-silicic, ete. It logically follows, therefore, that water not only dis- 
solves them but also hydrates them and hydrolyzes them. Their alkaline 
reaction is a strong proof that they are hydrolyzed. On account of their 
complex composition, relatively difficult solubility, and their tendency to 
hydrate and to hydrolyze with water, probably they should not be expected 
to give a definite solubility or a true condition of chemical equilibrium. 
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The marked increase in soluble content at the higher temperature is un- 
doubtedly wholly the result of hydrolysis. The high temperature helped 
the minerals and rocks to decompose and hydrolyze more rapidly. 

The material which went into solution was not analyzed and consequently 
no discussions will be presented here regarding its composition. This paper 
will be restricted only to the presentation of the results and to those dis- 
cussions warranted by the results. The chemical composition of the solu- 
bility product of the rocks and minerals together with the germain discus- 
sions and theories will form, it is hoped; the subject matter of a later paper. 

Finally it should be stated that the marked increase in solubility of the 
rocks and minerals at the higher temperatures throws a new light and fur- 
nishes a good proof that the large increase in solubility obtained in soils at 
similar high temperatures, in the previous investigation, was not due wholly 
to the decomposition of the organic matter content but also to the solubility 
and hydrolysis of the mineral particles of the soils. 


RATE AND EXTENT OF SOLUBILITY OF ROCKS AND MINERALS TRBATED WIT! 
SINGLE SALT SOLUTIONS AND THEN WASHED UNTIL ALL THEIR FREE SOLU- 
BLE SALTS WERE BELIMINATHD. RATIO OF SOLID TO DISTILLED WATER 
WAS 1 TO 0.75 AND MIXTURES MAINTAINED AT ROOM TEMPERATURE. 


In treating soils with salt solutions, then washing them until all the free 
soluble salts were eliminated and then studying their solubility, it was found 
that some of the salts greatly increased the rate and extent of solubility of 
all the different classes of soil except sand, while other salts had very little 
or no effect upon the solubility. 

Since these results are of considerable theoretical as well as practical in- 
terest and importance, it was deemed advisable to repeat the investigation 
also with rocks and minerals. The procedure consisted of mixing about 
50 grams of powder of rocks or minerals with 250 ec. of N/10 solution of Ca 
(NO;)2, NaNO;, KNO;, KCl, (NH,):SO., NaCl, K.SO,, CaH.(PO,)., KH: 
PO,, and NaC,H;0,, allowing the mixtures to stand for about 24 hours at 
room temperature and occasionally stirring and then leaching the solid ma- 
terial with distilled water until entirely free from soluble salts. 'The washed 
powder was then placed in tubes with a water content of about 1 of solid to 
0.75 of water and its freezing point depression determined in the usual man- 
ner. Table 17, 18 and 19 represent typical results obtained. 
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TABLE 17.—Rate and extent of solubility of powdered biotite granite which moat first treated with salt 


solutions and then washed until all soluble salts were eliminated. 
water was about 1 to 0.75 and mixture maintained at room temperature. 


point depression. 


Days. 0. 1 
Goh Ge 

CHONOD zis. 5008 008 | .011 
NaN Osets <4 4 oan 010 | .013 
S(O .008 | .013 
CCH ea a .010 | .013 
(NHD):S0e.. 04. .: .010 | .013 
1) Oil a ee 010 | .015 
RON 0S cose 010 | .012 
CaH,(PO,):........ 009 | .011 
BOPP Owes, 5 oo vos: 008 | .012 
NaCzH:Oz......... 010 | .014 
occ a ae .008 | .010 


Ratio of powdered rock to distillled 
Figures represent freezing 


016 
.021 
.020 
.018 
.020 
022 
016 
.010 
.014 
-021 
014 


TABLE 18.—Rate and extent of solubility of powdered gneiss which was treated will salt solutions and then 


washed until all the readily soluble salts were eliminated. 
was about 1 to 0.75 and mixture maintained at room temperature. 


depression. 

Days. 0. 1p 2. 4. 14. 22: 

a. | Ce | co. | or | ce. 

CalNOs)rekoc 0-85 ose .010 | .013 | .013 | .010 | .012 | .012 
NIETO ree Re ee Bie .010 | .013 | .012 | .012 | .012 | .013 
TEES Ae cre eae ones .010 | .013 | .012 | .013 | .012 | .012 
CITT Ue abe ras pet ae 010 | .013 | .013 | .014 | .014 | .015 
CE SOn soos oe tee .010 | .011 | .014 | .015 | .015 | .016 
MgC Yo! Serr he aoc 010 | .013 | .012'| .013 | .012 | .014 
TEEUOv Ey ela ores Cate .010 | .013 | .012 | .014 | .010 | .013 
Cath Ogsdo en). oh. ee .010 | .011 | .012 | .012 | .010 | .010 
TAESE OM, NA co saite Soe 2 .010 | .012 | .012 | .012 | .012 | .013 
INCHEON ogliet Raat es 010 | .012 | .012 | .012 | .010 | .013 
Bliccloi, et gs take 009 | .010 | .010 | .010 | .010 | .009 


Ratio of powdered rock to distilled water 
Figures represent freezing point 


012 
014 
015 
014 
.017 
013 
015 
.010 
012 
.019 
.010 
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TABLE 19.—Rate and extent of solubility of orthoclase which was first treated with salt solutions and then 
washed until all soluble salts were eliminated. Ratio of mineral to distilled water was about 1 to 0.75 
and mixture maintained at room temperature. Figures represent freezing point depression. 


Days. 0. He 2 3. 5 14. 23. 31. | 46. 53. 92. 

(Ore Co Co: C°. Ce Ge. Ce Ce. (Ox Cx Ce 
Cai(NOs)ar ree ees 007) 0105); 0104], O10) | [O10 5), [010 4) OU | 001 | Oi 082 .012 
NB NOs) cients aoeter .008 | .008 |} .009 | .O11 | .O11 | .012 | .012 | .012 | .021 | .016 .017 
KONO3 6 co ctaltate state ors -008->| .008 =| -008 |) (O10"] -O10 | (O17 | 011.) 2012) 2012"), (O1S .014 
WC Vin, bromests yep a .007 | .008 | .007 | .010 | .010 | .010 | .010 | .012 | .012 | .012 014 
(NHg 2S Outs -- > - 009) |'<0092|— O10" |. S010") SOL OL) | 04a |. 014 Olas ore: -015 
Na@W. iiectiers wis 3s 0085) 008") -009))|: O10.) —O1P |) 012) |) SOl2s\ 20125) VOLss Ors 014 
EON: Soe ae .| .007 | .007 | .008 | .008 | .010 | .0107} .012 | .012 | .012 | .012 -013 
CaH4(POs)2).......|-.006 | .006 | .006 | .006 | .007 | .007 | .007 | .007 | .009 | .009 -010 
HGsHHONas hd agos ot .008 | .008 | .008 | .008 | .009 | .009 | .009 | .010 | .010 | .011 .012 
Na@sHsO2. ..2.:......| 009: | 0097] O10) |) SOLO" }" OUT) 3012 4/0125) JOL2e) 20147 | O14 .016 
Checks fan sere © .005 | .005 | .006 | .006 | .008 | .008 | .008 | .010 ; .010 | .010 .012 

\ 


The above data show that the treatments of the rocks and minerals used 
with the various salt solutions influenced very little if any the rate and ex- 
tent of their solubility. It will be readily seen that the increased solubility 
is very slight over the checks. The greatest increase generally occurred in 
the (NH,).5O., NaNO;, NaCl and NaC:H;0, treatments and the least in 
CaH,(PO,). and KH.PO.. 

The treatment of salts, therefore, did not have as marked influence on 
the solubility of rocks and minerals as they did on soils. The results with 
rocks and minerals resemble very much those of quartz sand. 


THE SOLUBILITY OF ROCKS AND MINERALS IN THE PRESENCE OF SALTS 


In the preceding study only the residual effect of salt treatments on the 
solubility of rocks and minerals could be studied. In order to ascertain 
if the presence of salts for long periods in contact might have a greater effect 
upon the solubility of rocks and minerals, an investigation upon this subject 
was undertaken. It consisted of treating 20 grams of powdered rocks and 
minerals with 15cc. of N/10 solutions of Ca(NO;)., NaNO;, KNO;, KCl, 
(NH,).80., NaCl, K.SO,, CaH.(PO,)2., KH.PO, and NaC.H;O:2, and deter- 
mining the freezing point immediately and at various intervals thereafter 
for long periods. The solubility effect and reaction could be ascertained from 
the difference in the freezing point depression between that of the solution 
alone and of the solution and solid, and from the difference in the freezing 
point depression at the various periods. Some of the typical results obtained 
are detailed in tables 20 to 22 inclusive. 
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TABLE 20.—Rate and extent of solubility of amphibole in presence of salts. Ratio of liquid to solid 1 to 
0.75 and mixture maintained at room temperature. 


Freezing point 
Days. 0. I Grr etate|e2ty “pray ae oceroe en oF 
7 alone, 
(OP Cc: (ORF | Co Ce Cy: Coe 

EAUNO a) aoe cisroic oictsopcrskel stereahe sawn o aarene .558 558 558 | .559 | .559 . 560 .561 
RCN ay ck o Wevsvs, aisle tans mire bieuarete @ eustebe.cee os 409 | .409 | .409 | .410 | .410 | .412 .417 
OETA) SS OBE io yas ey ors oe ape sees Fe Pe AM ec ney. 6 . 254 255 255: | .263 | .265 . 269 . 269 
CRETE Se. ore fiose,cvecdae Boke OS elev pee. .144 | .042 | .018 | .018 | .018 | .018 .200 
RSET Fagen i oye Sanketnten eevdioie a, eitnede ores eS Lihidl 080 070 | .070 | .070 .070 .148 
INGLES Stats, wdejare a5 steys oho Teyejayers, Sle eiles B= 390 391 | .397 | .3898 | .402 .405 .412 
INGEG REI GEL Os os ocieyctercigfe Sites wiseles Sis oe 397 | .397 | .399 | .399 | .399 .402 . 406 

Checkva sss... aS ha gms Sb bic ie Se ee OLSs 201s Olt sOusy 1. s019 ODO! etevcis-*s, ficrerstete- ote 


TABLE 21.—Rate and extent of solubility of biotite granite in presence of salts. Ratio of solid to liquid 
1 to 0.75 and mixture maintained at room temperature. 


Freezing point 


Days. 0. 2. a eileite 1atsea|® Oke fy 20 Fo copneomare oF 
alone. 
Ge Gen ee) Gel ee | +62 4° Gs ce 

ENO. ee en 1553 | .554 | .555-| .555 | .554 | .555 | .556 561 
Haile area < awh pes. 362 | .362 | .363 | .365 | .365 | .365 | .366 .375 
Peal ee aw ape 405 | .405 | .405 | .405 | .406 | .408 | .412 17 
ANT 0s'o 6) tak ee he en .255 | .258 | .260 | .260 | .260 | .262 | .264 269 
REERPO See ae Soe ote 143 | .030 | .019 | .019 | .017 | .017 | .013 200 
BEES choo, 8 ee ae 129 | .087 | .078 | .075 | .075 | .075 | .075 048 
Gi peo ied 393 | .393 | .395 | .399 | .414 | .414 | .416 412 
ESCA O een eo See ee as .398 | .398 | .398 | .400 | .400 | .402 | .405 .406 


(CECI Ree carers ohte alsa Sethe eco POZO a O2t he O230)|— -O2sn ee O24 Ne O2Z om O20 lire ccr.y ete alle ops ae 
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TABLE 22.—Rate and extent of solubility of prochlorite in presence of salts. Ratio of solid to liquid 1 to 
0.75 and mixture maintained at room temperature. 


Freezing point 


Days. i as RS IEP aI ea 7 lt 2 deprssieer 
alone. 
OST) BC? | 2.44)? dese” ball ee aCe ae mater ce 
Ca(NONs onc ice ee 550 | .550 | .550 | .550 | .555 | .555 | .555 |...... 561 
NOs. Seaicaes eee 360 | .360 | .361 | .361 | .360 | .360 | .360 | .361 375 
ROL ahh. Vel oe soca sts 403 | .401 | .403 | .403 | .404 | .404 | .405 |...... 417 
(UH NGO ear .256 | .256 | .256 | .260 | .260 | .260 | .260 |...... 269 
ris AU 0 hy aan ve .135 | .180 | .073 | .040 | .032 | .023 | .023 |...... 200 
ESHER OW. es ofan via 125 | .113 | .110 | .085 | .085 | .080 | .080 |...... 148 
NaCI NST og ooee ert 396 | .307 | .397 | .397 | .398 | .398 | .402 |...... 412 
NaCMEOs: 0057. ae 388 | .388 | .393 | .393 | .303 | .401 | .407 |...... 406 
Cio ee EO SPR piy.| 017 | 018: | Coie: | 019,| 020)15 023) a= nse 


The above experimental data reveal at least five very interesting points: 
(1) that the reaction between the salt solutions and rocks and minerals is 
very rapid if not almost instantaneous; (2) in all of the rocks and minerals 
and in all of the salt solutions, the freezing point depression of the mixture 
was slightly smaller than in the solutions alone, indicating that there was 
a reaction between the solvent and the solute or solid; (3) with the exception 
of the CaH,(PO,). and KH.PO, mixtures, the depression in all of the other 
mixtures remained almost constant, with a very slight tendency to increase; 
(4) the depression of all the CaH.(PO,) and KH.PO, treated rocks and min- 
erals decreased very greatly, indicating that the phosphate was being ab- 
stracted by the powdered rocks and minerals; (5) salts had very little, if any, 
increasing effect on the solubility of the various rocks and minerals. 

It will be of interest to mention here that the treatment of rocks and min- 
erals with salts yielded exactly the same type of results as soils similarly 
treated (4). 


SUMMARY 


In the present paper there are presented the results of an investigation 
on the rate and extent of solubility of the most common soil-forming rocks 
and minerals at different moisture contents, under different salt treatments, 
and at various temperatures. 

The method employed in measuring the rate and extent of solubility was 
the freezing point method. This method proved quite appropriate for the 
purpose. 

It was found that when very fine powder of rocks and minerals in the un- 
leached condition was mixed with distilled water in the ratio of 1 of solid 
to 0.75 of water, the amount of material that went into solution immediately 
was quite appreciable in all the rocks and minerals and in some rocks and 
minerals more than in others. The freezing point depression for instance, 
varied from 0.008C° in quartz to 0.057° in ferrugineous sandstone, to 0.069° 
in apophyllite. Expressing these depressions in p.p.m. of solution then the 
concentration varies from 100 p.p.m. in quartz to 711 in ferrugineous sand- 
stone, to 975 in apophyllite. 
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At a lower moisture content the freezing point depression and consequént- 
ly the concentration, is considerably .greater in most of the rocks and min- 
erals. 

When the powdered rocks and minerals are leached with distilled water 
the freezing point depression is greatly decreased in all of them, with few 
exceptions. These results go to show that the material in the finely pow- 
dered rocks and minerals which goes very readily into solution, is washed 
away, and its place is not immediately taken by other soluble material, with 
few exceptions. 

At room temperature the rate and extent of solubility of the rocks and 
minerals both in the leached and unleached condition are very small after 
the initial solubility, even for a period of over 100 days. The increase is 
only about 0.010° C or less at the end of 107 days. With few exceptions, the 
leached rocks and minerals did not attain the same degree of freezing point 
depression or concentration of solution, as existed before leaching. 

In few rocks and minerals, especially in shale and serpentine, there is a 
tendency for the initial material in solution to go out of solution, or at least 
the freezing point depression decreases with lapse of time. This is true 
mainly at room temperature. 

At the temperature of 53° C for 95 days and at thesteam pressure of 26 
pounds for 8 hours, the rate and extent of solubility both in the leached and 
unleached condition were greatly increased in all the rocks and minerals, 
excepting the shale and kaolinite. Thus, at the temperature of 53° C and 
in the unleached condition the depression of a biotite granite rose from 0.019° 
to 0.083°, in pegmatite from 0.025° to 0.137°, in quartzite from 0.020° to 
0.132 , in siliceous sandstone from 0.030° to 0.058C°. In the leached con- 
dition it rose in amphibole from 0.010° to 0.124°, in chrysolite from 0.005° 
to 0.220°, in quartz from 0.007° to 0.357°, in serpentine from 0.020° to 0.340° 
etc. 

Of all the results the most surprising and unexpected were those yielded 
by the quartz and the quartzites at the higher temperatures. These ma- 
terials gave the highest solubility product, with one or two exceptions. The 
quartz gave a solubility of 0.357°, the three varieties of quartzite 0.113°, 
0.132°, and 0.152° respectively. This is indeed a tremendous solubility 
for these materials. They were, however, not absolutely pure but the ma- 
terial in solution consisted almost entirely of silica. 

A very interesting and significant point in regard to the solubility of 
many rocks and minerals and especially of the siliceous materials, is the 
fact that the rate of solubility at the temperature of 53° was not most rapid 
at the beginning but after a long time. This phenomenon would seem to 
suggest the theory that the rocks and minerals required a certain length of 
time under this temperature before they began to decompose or hydrolyze 
rapidly. 

The materials whose solubility was not increased by the higher temper- 
atures were shale and kaolinite. 

The initial depression of shale and of one variety of the ferrugineous sand- 
_ stone, decreased even at the highest temperature. 

Although at room temperature the solubility of all the rocks and minerals 
became practically stationary immediately, at the temperature of 53°C it 
continued to go on, even at the end of 95 days without any apparent signs 
of stopping, and in some of them it progressed with increased velocity. 

The material which goes into solution at the high temperature still per- 
sists when the mass is cooled to -3°C indicating that equilibrium or the sat- 
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uration point was not yet attained at the high temperature at the end of 
95 days. 

The solubility product of the rocks and minerals at the ratio of 5 of water 
to 1 of solid, was greatly smaller than that at the ratio of 1 of water to 0.75 
of solid, at room temperature. At the temperature of 53°C it was about 
the same at both ratios. 

The results as a whole point to two outstanding conclusions: (1) that 
the rocks and minerals employed, with few exceptions, do not show a definite 
solubility as definite compounds do; and (2) the equilibrium attained in 
solubility at the various moisture contents and temperatures is only ap- 
parent and not real or absolute. 

A consideration of the nature and composition of the rocks and minerals 
together with the type of their reaction with water, makes the above experi- 
mental facts and conclusions appear reasonable and logical. 

The large increase in soluble content in the rocks and minerals at the 
higher temperatures is probably largely the result of hydrolysis. 

All the rocks and minerals employed without a single exception reacted 
alkaline, using phenolphthalein and red litmus paper as indicators. There 
were few rocks and minerals which failed to show alkalinity with phenol- 
phthalein but they turned red litmus blue very readily. 

The marked increasing effect of the higher temperatures on the solubility 
of rocks and minerals goes to prove that the large increase in solubility ob- 
tained in soils at similar high temperatures was not due wholly to the de- 
composition of the organic matter content but also to the solubility and 
hydrolysis of the mineral particles of the soils. 

Treating the rocks and minerals with salt solutions and then washing 
them until free of soluble salts, had very little if any effect upon the rate — 
and extent of solubility, at ordinary temperature. 

Even when the salts were allowed to remain in contact with the rocks 
and minerals for long time the solubility was very little if any increased, 
at ordinary temperature. 


*Manuscript submitted for publication July, 1920. 
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STUDIES ON THE REACTIONS BETWEEN SOILS AND VARIOUS 
CHEMICAL COMPOUNDS 


Technical Bulletin No. 51 


BY C. H. SPURWAY, SOILS SECTION 


THE PROBLEM 


Investigations on the solubility of soils and effects of soluble salt treat- 
ments on the solubility of soils, rock powders and miscellaneous materials 
have been undertaken in this laboratory and some of the results have been 
published. See Bouyoucos and McCool (1), Bouyoucos and Laudeman 
(2), McCool and Millar (5) and Bouyoucos (8, 4). Chemical: analyses of 
several soil extracts from various treatments have been made. Spurway 
(7) showing immediate and residuary effects from a general chemical stand- 
point. In order to more accurately interpret the reactions between soils 
and chemicals commonly applied as fertilizers, however, it was considered 
necessary to extend the researches to a study of the effects of these com- 
pounds on soils of different kinds, bearing in mind the nature of the soils 
as well as the character of the fertilizer salts and other compounds used. 
Accordingly a study of fixation in soils of different classes, acid and alkaline 
to litimus paper was undertaken in an attempt to determine, if possible, 
the nature of the reactions and soil components involved and to throw more 
light on the phenomena of fixation in soils and its practical significance 
particularly with respect to the disposition of nutrient elements of applied 
fertilizers in various soil classes. 

Whatever may be the true explanation of the processes involved in these 
reactions it is apparent that further progress in this line of work depends 
in a large measure on increasing our knowledge concerning the chemical 
constitution of soils, and the practical significance of various soil components, 
and devising methods for quantitative determinations of these components. 


HISTORICAL 


A review of the literature concerning the effects of chemical compounds 
on soils and various other materials particularly with respect to the phe- 
nomena known as “adsorption’’; ‘‘absorption” and “fixation and exchange 
of bases’”’ revealed the fact that considerable work had been done by in- 
vestigators working along these lines. These investigations have brought 
forth many valuable basic data establishing principles by abundant. proofs, 
together with a number of conflicting results and opinions. After studying 
the work of many investigators pertaining to the subject at hand the author 
was led to conclude that when conflicting results occurred they were prob- 
ably due to the use of various substances of dissimilar chemical composition, 
in conjunction with chemical compounds of different classes, and also to 
the use of a diversity of methods. 

Because of the fact that reviews of this literature have been made in con- 
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nection with the work of other investigators and that considerable space 
would be required to treat the subject satisfactorily 1t was considered in- 
expedient and unadvisable to give a complete review of the subject literature 
here. The work of Prescott (6) gives in a concise form the salient points 
_ of the research in this field and the reader is referred to this work as being 
representative of the general situation. A list of cited references to litera- 
ture on the subject-under discussion is given at the end of this publication. 

The whole field of experimentation along this line appears to be perme- 
ated by three schools of though. Some investigators favor the claim that 
the reaction between chemical compounds and soils and other substances 
is in general a chemical process, while others are inclined to the opinion that 
the phenomena involved can be explained by the action of physical forces, 
and still others combine physical and chemical laws in explanation of their 
results. 

EXPERIMENTAL 
METHOD OF PROCEDURE 


The research reported in this publication was designed primarily to study 
reactions between neutral salts, bases and hydrolyzing salts and alkaline 
and acid soils of various classes. In order to eliminate, as much as possible 
the possibility of secondary and continuous reactions as undoubtedly occur 
in percolation methods, the decantation method was used. The experi- 
mental procedure, except where otherwise noted, consisted in bringing to- 
gether 100 gm. of air dried soil and 500 c.c. of solution into intimate contact 
at laboratory temperature in glass containers for a period of time of one 
hour, and the soil solution separated by decanting and filtering through 
paper. The soil extracts were analyzed by standard methods for the sub- 
stance under consideration. Results are reported in grams except where 
otherwise noted. Computations were based on 500 c.c. of extract. 


EFFECTS OF NEUTRAL SALTS 


Fixation of Potassium from KCl and Liberation of Calcium from a Series 
of Miscellaneous Soils 


The effects of a KCl solution on a series of miscellaneous soils were first 
studied in an attempt to correlate the degree of fixation of potassium with 
some soil characteristic. Table 1 contains the results of this investigation 
obtained from 24 soils collected from the glacial formations common to 
central Michigan. The table is divided into two sections based on the pre- 
sence or absence of carbonates in the soils as determined by the HCl test, 
and the results are presented in order of increasing quantities of potassium 
fixed by the soils. These soils were dried in the air and passed through a 
2 m.m mesh sieve. 
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TABLE 1.—Reaction, soil class, potassium fixed from KC1, calcium and chlorine in solution and calcium 
and SiOz dissolved by 0.2 N HC1. Potassium added 0.391 gm. Chlorine added 0.3546 gm. 


(Results in grams per 100 grams of soil). 
(Non-carbonate soils.) 


Dissolved by 0.2 N HC1 


No. |Reaction Soil class. Potassium Calcium Chlorine 
fixed. in solution. | in solution. | Calcium. Si02 
9 ac Medium sand.... 0.0331 0.0109 0.3620 0.0248 0.0310 
21 ac Medium sand.... 0.0332 0.0114 0.3620 0.0318 0.0320 
20 ac Medium sand.... 0.0363 0.0124 0.3620 0.0233 0.0390 
23 ac Medium sand.... 0.0410 0.0144 0.3620 0.0315 0.0320 
14 ac Sandy loam...... 0.0488 0.0198 0.3620 0.0474 0.0480 
13 ac Sandy loam...... 0.0496 0.0158 0.3632 0.0406 0.0365 
24 ac Sandy loam...... 0.0510 0.0203 0.3620 0.0740 0.0510 
2 ac Sandy loam...... 0.0537 0.0203 0.3638 0.0764 0.0510 
27V al Sandy loam...... 0.0557 0.0228 0.3620 0.0780 0.0520 
22 ac Silfloamy... sei. 0.0665 0.0272 0.3582 0.0746 0.0555 
8 al Siltloaml: = 3225. 0.0714 0.0272 0.3582 0.1048 0.0690 
15 al Sandy loam...... 0.0910 0.0332 0.3638 0.1091 0.0505 
Tl) al Silt loam. ......- 0.1004 0.03802 0.3657 0.1456 0.1140 
(Carbonate soils.) 
23v al Medium sand.... 0.0369 0.0158 0.3582 0.0678 0.0530 
7 ac Sandy loam...... 0.0548 0.0223 0.3582 0.0554 0.0335 
19 al Sandy loam...... 0.0650 0.0242 6.3620 0.1789 0.0730 
4 al 1 oy 0 ae eae ecto 0.0665 0.0297 0.3638 0.0654 0.0615 
18 al Sandy loam...... 0.0685 0.0262 0.3582 0.1141 0.0685 
6 ac MO BUN ceeg sete eia oe, <= 0.0705 0.0321 0.3620 0.0428 0.0480 
3 al Sandy loam...... 0.0764 0.0356 0.3620 0.1599 0.0665 
1 al Sandy loam...... 0.0848 0.0386 0.3582 0.1127 0.0785 
5 al OAM ies. tie. ley oss 0.0860 0.0391 0.3620 0.0849 0.0715 
26 al Silt loam®..<....- 0.1293 0.0554 0.3620 0.2061 0.1030 
25 al Silt loam Arse - 0.1808 0.0802 0.3620 0.6440 0.1740 


The reaction of the soils as indicated in Table 1 was determined by the 
litmus paper test. It may be observed that some non-carbonate soils gave 
an alkaline reaction and some carbonate soils gave an acid reaction. The 
acid reaction of the carbonate soils may be explained on the basis that the 
carbonates present were composed of coarse particles widely distributed 
through the soil mass, a point observed during the testing operation for the 
presence of carbonates. The alkalinity of the non-carbonate soils may be 
due to the presence of carbonates in too small quantities to be observed 
by the acid test or to alkaline silicates. The most important feature of 
this table is the general agreement between the quantities of potassium 
fixed and of calcium found in the solutions in all the soils and also between 

41 
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the quantities of potassium fixed and of calcium and SiO, dissolved by 0.2 
N HCl in the non-carbonate soils. This general agreement of results leads 
to the conclusion that soil calcium in some definite combination, probably 
as silicate, may be largely responsible for the fixation of potassium from 
KCl. A large number of chemical determinations have been made on these 
soils and some of these results have been published, Spurway (8), but no 
correlations with fixation of potassium from KCl except those shown in 
Table 1 have been observed. There is no evidence of fixation of chlorine 
from the KCl by the soils used in this experiment, and from this standpoint 
the results are in agreement with those of many other investigators. Other 
observations made in connection with the soils under discussion are as fol- 
lows: (1) All the solutions were alkaline to red litmus paper except those 
from soils No. 20 and 23. (2) The quantities of chlorine added to the so- 
lutions were in excess of the quantities required to combine with the po- 
tassium and calcium found by analysis, therefore, other chlorides were present 
The reaction of the solutions indicates that iron or aluminum may not 
have been present as chlorides at least in any appreciable quantities, and 
the observed excess of chlorine may have been combined with sodium or 
magnesium. The investigation was continued along similar lines in order 
to settle this point if possible. 

The following experiments were limited to a smaller number of soils. Eight 
soils were selected of four principal classes as follows: medium sand, sandy 
loan, silt loam and clay loam including an alkaline and acid soil of each class. 
Allthem alkaline soils were especially low in carbonate content except the 
alkaline medium sand which contained carbonate from applied limestone. 
These soils were dried in the air, passed through a 2 m.m. mesh sieve and 
treated the same as the soils in the foregoing experiment. The soil classes 
are indicated by their initials in the tables and the reaction refers to the lit- 
mus paper test. Results are reported in Table 2. 


Fixation of Potassium from KC1 and Liberation of Calcium and Magnesium 
from a Series of Alkaline and Acid Soils 
of Various Classes 


TABLE 2.—Firation of potassium from KC1 and quantities of soil elements found in the solutions. 
Potassium added 0.391 gm. Chlorine added 0.3546 gm. 


Potassium fixed. Found in solution 
Potassium 

falls Sok ai eee 

pea Beet Calcium. Magnesium. magnesium. 
M.S. allict to 0.0510 0.0132 OX0204 0 | Aes eye pees 0.0496 
M.S. BCu Sac 0.0352 0.0019 ORO A ae ete eee 0.0345 
8. L. alteces 0, 1054 0.0379 0.0410 0.0058 0.0987 
8. L. ChOnnRoiaie 0.0553 0.0069 0.0199 0.0047 0.0540 
St. L. BD aise: 0.1135 0.0519 0.0360 0.0129 0.1118 
Siva REXOS mie 0.0934 0.0294 0.0340 0.0081 0.0924 
Cri: cH ee 0.1780 0.0760 0.0650 0.0150 0.1751 
C. L. BCs 23.55) 0. 0.0577 0.0660 0.0145 0.1753 
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As shown in Table 2, the quantities of potassium fixed from the KC1 
solutions by this second series of soils were closely equivalent to the quantities 
of calcium and magnesium found in the solutions. An attempt was made 
to determine sodium in the solutions from the clay loam soils but the quan- 
tities of this element present were considered too small for quantitative 
gravimetric determination and hence relatively insignificant. The soil 
solutions obtained in this experiment were also alkaline to red litmus paper 
but it was not necessary to consider that iron, aluminum or sodium were 
present in the solutions combined with chlorine in order to account for prac- 
tically all of the chlorine in the solutions not combined with potassium; the 
quantities of calcium and magnesium found were very nearly sufficient for 
this purpose. The reaction was apparently chiefly between the KC1 solutions 
and the calcium and magnesium of the soils. 

All the alkaline soils except the clay loam showed greater oon of potas- 
sium and more calcium and magnesium in their solutions than did the acid 
soils of the same class. The increase in the fixation of potassium shown by 
the acid clay loam over the other member of this class, howevér, was accom- 
panied by a corresponding increase in quantity of calcium found in its solution, 
and this effect may also be notes in subsequent experiments with these clay 
loam soils where fixation apparently depends on soil calcium. Treating the 
soils with HC1 and then washing thoroughly with distilled water greatly 
lowered the degree of fixation of potassium as shown in Table 2. This effect 
was considered to be due to the removal of calcium and magnesium by the 
acid treatment. These results also strongly indicate that soil calcium and 
magnesium may be the principal cause of fixation of potassium in the soils 
under experimentation. 

The conclusion seems Justified that the reaction was practically entirely 
between the neutral salt solution and calcium and magnesium of the soils 
in a silicate combination. The soil factor determining the degree of fixation 
of potassium is apparently the quantity of calcium and magnesium in the 
soils in condition to react with the salt solution, the soil calcium having by 
far the greater influence. It is recognized, however, that certain soils may 
contain other elements in replaceable combinations ‘and the proportions of 
these elements may vary, and also, results may vary with varying concentra- 
tions of salt solutions. 


Fixation of Potassium from K.SO, and KNO, and of Ammonia from 
(NH,):SO4 


Other salts of potassium, namely, K.SO, and KNO, and also (NH,).SO, 
were used in a manner similar to KC1 in order to study their effects on the 
series of different soil classes. Table 3 contains the results of this phase of 
the subject. 

Attention is called to the principal features of the results presented in Table 
3, as follows: Fixation of potassium from K.SO, and KNO; was closely 
equivalent in quantity to that fixed from KC1 by these soils and the quanti- 
ties of soil calcium exchanged were also closely equivalent. Quantities of 
NH, fixed, however, were not closely equivalent to those of potassium fixed 
from the salts used, being somewhat smaller, and were also not in similar 
agreement with the quantities of calcium exchanged, although quantities of 
calcium liberated by the NH, - ion were closely comparable to those found 
in the solutions from the potassium salts treatments. While differences must 
be recognized between the effects of the potassium and ammonia in the experie 
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ment, the fact that the fixation of ammonia correlates with the exchange of 
calcium indicates that the same general causes are operating in each case 
although perhaps to a different degree. The analytical determinations may - 
have been influenced by ammonia from soil organic matter since the results 
for fixed NH, are lower than the potassium equivalents. More of the cations 
of the salts was fixed by the alkaline soils of similar classes than the acid soils, 
except, again, the acid clay loam which fixes more of the cations and liberates 
more calcium than the alkaline clay loam. There was no evidence of fixation 
of anions from these salts. 


TABLE 3.—F ization of potassium from K2SOs4 and KNO3 and ammonia from (N H1)2S04. 


Potassium added 0.391 gm. SO‘ added 0.4803 gm. 
Potassium added 0,381 gm. NO% added 0.620 gm. 
NH‘ added 0.1804 gm. SO‘ added 0.4803 gm. ~ 


K°SO.. KNOs3 (N Ha) 2504 
Soil and 
reaction. | Potas- |Calcium| S04 | Potas- |Calcium| NOs |. yyy, |Caleium| 80. 
fixed, point sointal fixed. slug solutth. fixed. sonuetn: sohitnt 

M.S. al.....} 0.0500 | 0.0239 | 0.4872 | 0.0491 | 0.0228 | 0.629 0.0221 | 0.0204 0.5276 
M.S. ac....| 0.0364 | 0.0127 | 0.4847 | 0.0366 | 0.0132 | 0.638 0.0166 | 0.0117 0.5284 
S.L.  al.....| 0.1086 | 0.0421 | 0.4979 | 0.1071 | 0.0401 | 0.645 0.0472 | 0.0401 0.5284 
S.L. ac....| 0.0562 | 0.0198 | 0.5242 | 0.0543 | 0.0183 | 0.617 0.0193 | 0.0167 0.5160 
St. L. al.....| 0.1216 | 0.0441 | 0.4872 | 0.1191 | 0.0436 | 0.633 0.0480 | 0.0401 0.5127 
St. L. ac....| 0.1028 | 0.0406 | 0.5020 | 0.0986 | 0.0395 | 0.625 0.0372 | 0.0376 0.5201 
C.L. al.....| 0.1863 | 0.0695 | 0.5201 | 0.1740 | 0.0609 | 0.625 0.0633 | 0.0578 0.5324 
Gite ac. ...| (021892), 020700')) 025136") 020756) | 0.0629) | 02638 0.0732 | 0.0624 0.5267 


Fixation of Calcium and Magnesium from Neutral Salts 


Since the foregoing data indicate that the fixation of potassium and 
ammonia by the soils may be due chiefly to the quantity of calcium and 
magnesium contained in them in condition to react, it was considered advisa- 
ble to experiment with calcium and magnesium salts to determine their re- 
lationships. Accordingly the soils were treated with solutions of Ca(NQs)., 
CaSO,, CaCl. and MgCl., the experimental procedure being the same as 
that followed in previous cases. Tables 4 and 5 contain the results of this 
experiment. 
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TABLE 4.—Fization of calcium from Ca(NO3)2 and CASOs4. 


Calcium added 0.4019 gm. NO3 added 1.260 gm. 
Calcium added 0.3085 gm. SO4 added 0.7423 gm. 


Ca(NOs3)2. CaSO.. 
Soil and reaction. 
Calcium NOs3 Calcium SOs 
fixed. in solution. fixed. in solution. 


MTSE Se oreo OC. 0 co DUB OOCe OHOOe 0.0040 1.260 0.0020 0.7472 
NTS Soa ge UG Ss 3 dct vay: obaicyatey hs iS chal Softener iaecaress 0.0032 260) Moonli- teneketereetact: 0.7440 
eh lle” EIA caccioose: mono anccceEmoconuse Ds 0.0203 1.291 0.0121 0.7505 
oleae ACH hae stad elds hat Oe eee ee de stes.< Fs 0.0142 1.291 0.0020 0.7514 
Sum lrcee mai leucrar chery a ctsstisiay das “pedals © sl avaase «ere a ore 0.0304 1.260 0.0223 0.7480 
Slis Jb Pisa deeesodgonnc ae ose Dodncnos Dobe 0.0183 1.291 0.0101 0.7472 
Chale: “OES Sakon, aGem SED DCO Douro. OOOO E 0.0446 1.291 0.0304 0.7522 
(Chills, EC365 Solon ABE OBER Dr OOS OCOD soe 0.0426 1.291 0.0284 0.7497 
TABLE 5.—Fization of calcium and magnesium from the chlorides. 

Calcium added 0.408 gm. Chlorine added 0.7092 gm. 

Magnesium added 0.2581 gm. 

Chlorine added 077523 gm. 

CaCle. MgCl. 
poland Aer errr wt. calcium 
F Calcium | Chlorine xed after | Magne- Calcium | Chlorine 
fixed. in solut’n. ea fixed. in solut’n. | in solut’n. 
treatment. wt. magnesium. 

M.S.  al...-| 0.0036 0.7090 0.0258 0.0332 0.0515 0.7577 1.551 
M.S. ac...| 0.0020 0.7090 0.0080 0.0112 0.0178 0.7553 1.589 
Soke al...) OL0L02 0.7165 0.0555 0.0510 0.0792 0.7573 1.553 
S.L. ac...{ 0.0041 0.7128 0.0218 0.0185 | 0.0277 0.7530 1.497 
St. al-.-.| 0.0142 0.7165 0.0164 0.0430 0.0693 0.7612 1.605 
Stale te.) OL0102 0.7165 0.0357 0.0385 0.0594 0.7596 1.543 
@slins “ale. 0.0315 0.7165 0.0575 0.0686 0.1128 0.7569 1.644 
Cy Le | ac7. 2 020305 0.7165 0.0580 0.0708 0.1168 0.7596 1.650 


Tables 4 and 5 contain some interesting and important results and estab- 
lish quite conclusively that the fixation of calcium in these soils depends 
upon their content of replaceable magnesium and the fixation of magnesium 
upon their content of replaceable calcium. The alkaline soils fixed greater 
quantities of calcium and magnesium than did the acid soils of the same 
class except, again, the acid clay loam which fixed a greater quantity of 
magnesium and released a greater quantity of calcium than the alkaline clay 
loam, a result comparing with the fixation of potassium and ammonia by 
these soils from the salts studied. The alkaline clay loam, however, fixed 
more calcium from the calcium salts and released more magnesium from the 
potassium and ammonia treatments than did the acid clay loam. Mag- 
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nesium was not determined in case of the calcium salts treatments, but the 
order of magnitude of calcium fixation in these experiments follows closely 
the order of quantity of magnesium liberated from the soils as shown in 
Table 2. Also, much greater quantities of calcium were fixed by the soils 
after treatment with a MgCl, solution containing 0.2581 gm. magnesium 
per 500 c.c. of solution, and thorough washing, as shown in Table 5, column 
4; evidence that the fixation of calcium in these cases depended upon the 
quantity of magnesium in the soils in condition to react. Closely equivalent 
relationships between magnesium fixed from MgCl. and calcium found in 
the soil solutions are shown in Table 5, the exact equivalent ratio in this case 
being 1.6476. Also, calcium and magnesium were not fixed by the various 
soils in equivalent quantities showing that different soil factors were operat- 
ing in each case. Anions of the calcium and magnesium salts were not fixed 
by the soils to any great extent at least, and the solutions from all the cal- 
cium and magnesium salt treatments were alkaline to red litmus paper. 


Reversibility of the Fixation Processes 


It was previously shown that the fixation of magnesium by the soils was 
reversed by a calcium salt treatment and that the magnesium treated soils 
fixed much more calcium than the same soils in a natural state. Another 
experiment was made to determine the reversibility of other fixed cations by 
causing cations to be fixed in soils and then treating with salts containing 
other cations. In this experiment the alkaline and acid sandy loam soils 
were used, with the chlorides of potassium, sodium, calcium and magnesium. 
No attempt was made to fix calcium in the untreated soils because the small 
quantities of calcium fixed by the soils makes the experimental procedure 
more difficult. Proportions of soils and solutions were the same as used for 
the KC1 treatments, namely, 100 gms. of soil and 500 c.c. of a 0.02 N salt, 
solution. Results and further explanations of this experiment are given in 
Table 6. Fixed cation equivalents were determined by computing from 
the quantities of cations found in the solutions as shown in the table, other 
than those used in the final treatments, the quantities necessary to be fixed 
to satisfy the respective gram-equivalent ratios. 


TABLE 6.—(A) Alkaline and acid sandy loam soils treated with KC1 Solution. Washed thoroughly with 
with distilled water, then treated separately with NaC1, CaC1lz and Mg(C1z solutions. 


Soils and Cations Potassium Sodium Calcium Magnesium | Fixed cation 
reaction. fixed. in solution. | in solution. | in solution. | in solution. | equtfvalents. 
~ 

Sis alee Na 0.0610 0.0831 0.1690 0.0049 0.0034 0.0609 
Sy Wk BRGY o lo el Nite (SCORE KG) 0.0309 0. 2060° 0.0029 0.0024 0.0260 
Solis oe alsa a. Ca 0.0481 QUOTAS) Pal S PEE aay 0.1523 0.0074 0.0505 
Sala eee Ca 0.0231 Ox0393 eRe see 0.1773 0.0035 0.0259 
Sali, ate eek Mg 0.0317 050292). NGA gees cee 0.0376 0.0899 0.0319 
Shy RE ar sag ope OA (0HlB 8: OZONSS. Risener eee 0.0158 0.1083 0.0137 
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(B) Alkaline and acid sandy loam soils treated with NaC1 Solution, Washed, then treated separately 
with KC1, CaC1l2and MgC1z solutions. 


Soils and Cations Potassium Sodium Calcium Magnesium | Fixed cation 

reaction. fixed. in solution. | in solution. | in solution. | in solution. | equivalents. 
ty LEB. oF bees Sama K 0.1303 0.2607 0.0472 0.0145 0.0059 0.1275 
S.L. ac K 0.0728 0.3182 0.0323 0.0069 0.0035 0.0797 
Digkis wale. ss <.- Ca 0.0540 0.0044 0.0482 0.1464 0.0071 0.0559 
Sis aG os... .:| Ca 020242 0.0017 0.0231 0.1762 0.0035 0.0268 
epee Males, le 2 Mg 0.0432 0.0031 0.0492 0.0297 0.0784 0.0440 
S. L. ac Mg 0.0182 0.0023 0.0172 0.0158 0.1034 0.0194 


(C) Alkaline and acid sandy loam soils treated with MgC12 solution, washed and then treated separately 
with KC1, NaC1 and CaC12 solution. 


Soil and Cations Potassium Sodium Calcium Magnesium | Fixed cation 

reaction. fixed. in solution. | in solution. | in solution. | in solution. | equivalents. 
Sele palit. ets K 0.0955 OE 2955) thse a0 actace Sy. 0.0036 0.0300 0.1024 
Sabin AGse a. | ey -O!, 0449 ORSZOIy Ae osc. scree. 0.0021 0.0142 0.0481 
Serle ae | eh OOD GS AI srecssc0 eres (axe 0.1732 trace 0.0305 0.0577 
Senki: TACs bd e- IN ie OROZSG Ol ver. cia olan S 0.2011 trace 0.0174 0.0329 
Sab.) alick a2. CB OROLOO tars: cx teeyafe Aer Mays oe bate tote ares 0.1505 0.0345 0.0568 
0.0320 


Sind Vibe Dat eters Ba Ca 0.0242 | CRN Cent) hot? | iets thi eneter Petr 0.1762 0.0194 


Results in Table 6 show the reaction to be reversible in all cases studied; 
and the gram equivalent ratios closely approached without considering iron 
and aluminum present as chlorides. In (b) portion of the table are shown 
some results from determinations of potassium after the CaCl, and MgCl, 
retreatments. These quantities of potassium are about the same magnitude 
as could be expected from solubility effects varying from about four to nine 
parts per million of solution, and it is assumed that potassium plays an 
unimportant part in these fixation processes. Another very important 
relationship is also shown by this experiment in that after each preliminary 
treatment the several cations used were fixed by the soils in nearly equivalent 
quantities. In this connection it should be remembered that not all of the 
soil calcium or magnesium in a condition to react would be removed by the 
preliminary salt treatments although all of the solutions used were equal in 
concentration. 


CONCLUSIONS CONCERNING THE NEUTRAL SALT TREATMENTS 


The principal points observed in this investigation with the neutral salts 
may be briefly summarized as follows: (1) All the soils, except the medium 
sand containing limestone and in the case of calcium, precipitated the cations 
of the neutral salts used and held them fixed in the soil mass. (2) The anions 
of the neutral salts were not fixed to any great extent by the soils. (3) Fix- 
ation of cations was accompanied by a closely equivalent liberation of other 
soil elements particularly calcium and magnesium and the other elements 
artifically fixed in the soils. (4) The fixation of potassium from KCl by 
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carbonate and non-carbonate soils closely correlated with the quantities 
of calcium found in the soil solutions. (5) The fixation of potassium from 
KC1 also correlated somewhat with the quantities of calcium and SiO, 
dissolved from the non-carbonate soils by 0.2 N HCl. (6) Except in two 
cases, soils No. 20 and 23 with KC1 treatment, all the solutions were alkaline 
to red litmus paper. (7) Iron and aluminum were undoubtedly present in 
many of the solutions but no evidence was found that these elements were 
combined with the anions of the neutral salts used. (8) Potassium and sodium 
probably played an unimportant part in the experiments performed on soils 
not previously treated with salts of these elements. (9) The alkaline soils 
generally fixed a greater quantity of cation than the acid soils of the same 
class, but it was shown that the degree of fixation depended upon certain soil 
elements, chiefly calcium and magnesium in a condition to react with the 
neutral salt and not on the reaction of the soils. (10) Extracting the eight 
soils with HC1 and washing thoroughly greatly reduced the quantities of 
potassium fixed from KC1. (11) Potassium, calcium and magnesium were 
not fixed from neutral salts by the eight soils in equivalent quantities, 
showing that in each case fixation depended on different soil factors. (12) 
The fixation of potassium correlated with the exchange of calcium and mag- 
nesium; the fixation of calcium with exchange of magnesium; and the fix- 
ation of magnesium with exchange of calcium. (13) The reactions were 
reversible in all cases studied. (14) When the alkaline and acid sandy loam 
soils were saturated with certain cations at equal solution concentrations, 
then the fixation of the other cations used at the same concentrations was 
closely equivalent. These observations contain strong proof that the reac- 
tions involved are chemical in nature and that the cause of fixation by soils 
is the presence of soil elements, principally calcium and magnesium in a con- 
dition of reactivity, and the degree of fixation is independent upon both the 
kind and quality of reacting elements present. 

In general the results of this investigation agree with the chemical hypo- 
thesis established by Way (9, 10). They also give a logical basis for the 
explanation of: . 

(1) Why the fixation capacities of soils of the same class often vary con- 
siderably, while the capacities of unlike classes may be similar. (2) Why 
a soil exhibits a certain degree of selection in this respect, that is, certain 
cations are fixed in greater quantities than others. (3) Why the order of 
fixation of several cations may vary in different soils. (4) Why mixture of 
neutral salts give varying effects on the same soil. (5) Why the degree of 
fixation correlates quite closely with the general fertility condition of soils. 
(6) Why leaching soils with acids decreases the quantity of fixation. (7) Why 
liming the soil increases the quantity of fixation. (8) Why the anions of neu- 
tral salts that form soluble compounds with calcium or magnesium are not 
fixed by soils, and (9) why the anions or acid radicals of salts that form insol- 
uble compounds with soil calcium or magnesium are fixed by soils—phenom- 
ena observed by many soil investigators. 

A prominent feature of this research was that very small quantities of 
potassium or sodium were found in soil solutions from untreated soils ex- 
amined for these elements. The natural conclusion from these results was 
that these elements do not occur in appreciable quantities in replaceable 
combinations in the soils studied. Granting this conclusion to be true, a 
possible explanation may be given on the bais of the differences in solubilities 
of the carbonates of the alkali earth elements. Hydration and carbonation 
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are important soil processes and the carbonates of potassium and sodium 
resulting from these processes being much more soluble than the carbonates 
of calcium and magnesium similarly formed, may be leached from the sur- 
face section of soils to a much greater extent; the general effect would then 
be an indirect replacement of potassium and sodium in silicate combination 
with calcium and magnesium, and after sufficient time had elapsed only small 
quantities of potassium or sodium could be expected to be present in hydro- 
lyzing combinations, while calcium and magnesium would probably be 
present for a considerable period of time in a hydrolyzable state after the 
original potassium and sodium of similar combinations had practically 
disappeared. Much evidence supporting this conclusion may be found 
in the literature concerning researches on soils and minerals. Further elab- 
oration of the subject is not desired in this paper. 

The elements potassium and sodium, then, must be in a much less soluble 
state in many surface soils than calcium or magnesium; and if their com- 
pounds do not hydrolyze, they undoubtedly occupy a different position in 
the molecular structure of their compounds than do calcium or magnesium, 
at least the portions of these elements that split off from their compounds 
as hydroxides and may easily be carbonated. If potassium or sodium are 
fixed in soils from chemical compounds, however, they probably occupy the 
same position of molecular structure as the elements they release because 
they may in turn be replaced in quantity by cations of other salts. These 
relationships should be of great scientific and practical significance. 

The situation with respect to iron and aluminum of the soils was prob- 
ably similar in some respects at least to that of potassium and sodium in that 
the evidence at hand points to the conclusion that they were not exchanged 
in quantity for the other elements fixed. The main points of evidence in 
this connection were as follows: (1) Except in two cases the solutions were 
alkaline to red litmus paper, hence acid salts of iron and aluminum com- 
bined with the anions of the neutral salts used in the treatments were probably 
not present. (2) Fixation and exchange were closely equivalent without 
considering the presence of iron or aluminum combined with anions of the 
salts used. (3) Iron and aluminum are present in the soils used generally 
in very much greater total quantities, and in the acid soils in much greater 
quantities soluble in 0.2 N HC1 than are calcium and magnesium, and pro- 
viding exchange took place during the neutral salt treatments the accompany- 
ing phenomena would probably have been recognized. ‘The conclusion seems 
justified that iron and aluminum were not present in the soils in exchangeable 
states, at least in any considerable quantities, but that they exist in the 
soils principally as hydroxides from the hydrolysis of soil minerals containing 
them or on the acid side of soil components as ferro-alumino-silicates. The 
soil component of non-carbonate soils reacting with neutral salts may then 
be a calcium-magnesium-ferro-alumino-silicate. These considerations refer 
to the mineral portions of the soils studied. The author does not assume that 
all soils contain no appreciable quantities of replacable potassium, sodium, 
iron or aluminum, but is of the opinion that the relative quantities of replace- 
able elements contained in soils is an individual characteristic. The possi- 
bility of secondary reactions should also be considered in this connection. In 
case of the KC1 treatments iron or aluminum chlorides may have been 
formed and neturalized again by the soils and the reaction not observed at 
the low concentration of neutral salts used; however, this reaction would 
not explain the iron and aluminum combinations in the soil solutions studied, 
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PFFECTS OF HYDROXIDDS 


Soil investigators have known for a long time that soils neutralize soluble 
hydroxides. This property of soils is generally considered due to hydrated 
silica of ferro-alumino-silicates. In order to determine if fixation from 
hydroxides followed the same general order as fixation from neutral salts 
the investigation was continued using KOH and Ca(OH). Results from 
this work are given in Tables 7 and 8. 

The alkaline soils fixed more potassium from the KOH solution than the 
acid soils of corresponding classes, except the alkaline clay loam, and more 
calcium from the more concentracted solution of Ca(OH): except the alka- 
line medium sand which contains applied CaCO;. The acid clay loam showed 
the same characteristics as in case of the neutral salt treatments in that it 
fixed more potassium and less calcium than the alkaline clay loam. Solutions 
from the KOH and concentrated Ca(OH), treatments were alkaline to phenol- 
phthalein showing an excess of hydroxide. Solutions from the less concen- 
trated Ca(OH). treatments were acid to phenolphthalein and in this case 
the magnitude of fixation in all the soils varied only slightly. Solutions from 
the KOH treated soils were characterized by comparatively large quantities 
of iron and aluminum (neglecting phosphorous) and SiO, but small quantities 
of calcium. Potassium was fixed in large quantities but no equivalent liber- 
ations were found in the solutions. Quantities of calcium found in the 
solutions from KOH treatments were very much smaller than the solubility 
factor for this element as Ca(OH),. Evidently potassium was fixed from 
KOH without exchange of calcium or magnesium and in addition the KOH 
dissolved iron, aluminum and SiO, from the soils. 

That potassium fixed from KOH may be liberated again by neutral salts 
and Ca(OH), treatments may be seen from the results presented in Table 8. . 
The soils used in this case were first treated with the KOH solution, washed 
thoroughly with distilled water until the washings were neutral to litmus 
paper and then again treated with the CaCl, and Ca(OH), solutions in the 
usual manner. The quantities of calcium fixed from CaCl. and quantities 
of potassium exchanged were closely equivalent, the equivalent factor being 
0.512. Fixation of calcium from Ca(OH). and exchange of potassium were 
proportional in the two soils studied, but not equivalent; a much greater 
equivalent weight of calcium was fixed. 

Conclusions from the work on hydroxides are: (1) Potassium and calcium 
were fixed from their hydroxides in large quantities by soils without equiva- 
lent exchange of other elements. (2) The solubility effects of hydroxides on 
soils were of relatively great magnitude. (3) All of the soils used fixed the 
cations of the hydroxides. (4) A portion, at least, of the cations fixed from 
the hydroxides was in an exchangeable condition. 
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TABLE 7.—Fization of potassium from KOH and calcium from Ca(OH):. 


Potassium added 0.3910 gm. 
Calcium added (a) 0.0455 gm. 
Calcium added (b) 0.1069 gm. 


IKKOH treatments. 


Soil and reaction. 


Potas- 

slum. 
DVIS Pees BE 8 Ah vacate eas fe, 3) 6 0.1336 
Wile TSE TENORS ta ps oid FREE RIeaS 0.1226 
Bees Bea teed oy wit ates er ati ay sf 5/"ener s 0.2249 
Shl CBS -CXO5 Geta oe ty ee Oe 0.0931 
rota bee tile aie neice eke ere 0.2560 
St. L ace. Reh felin KIS aire) cite 0.1866 
(Cae Fe Bee Ae aac Cane aes 0.2725 
CMe AG oe tthe le aichay tow ies 0.3020 


Ca(OH)» treatments. 


Fe and Al SiO» Calcium 
oxides in in in 
solution. solution. | solution. 
0.0305 0.0070 0.005 
0.0865 0.0075 0.004 
0.0430 0.0365 0.007 
0.0255 0.0245 0.004 
0.0385 0.0105 0.005 
0.0430 0.0115 0.007 
0.0095 0.0080 0.007 
0.0140 0.0095 0.006 


Calcium Calcium 


fixed (a). 


0.0346 
0.0386 
0.0376 
0.0356 
0.0336 
0.0356 
0.0306 
0.0356 


fixed (b). 


QO) 82! 2 Or VO! Qe 
=} 
oo 
=} 
ww 


TABLE 8.—Soils treated with KOH, washed, then treated with CaC1.2 or Ca(OH)>2. 
Calcium added as CaC12 0.1703 gm. as Ca(OH): 0.1069 gm. 


CaCle Ca(OH)2 Wt. calcium 
Soil and reaction. 1%, Th 
Calcium Potassium Calcium Potassium a ate 
fixed. in solution. fixed. in solution. Wt. potassium. 

11 05 tS Hams 6] Le ore Seen ie Seana 0.0258 OVOSS2) WM IPtek tad Coailerd hbase, siicagec 0.485 
INTs USER EO? bes aot BA Ao a tee 0.0277 ON ODOUR |i eyed elntaoes ate oaks bl aee 0.494 
S. L. Fr Nae ibe RRS aa en ag De iS es np el ede RT 0.1010 0.0640 1.578 
8. L. Ca Re biatch xii Sie eee tic HerPacnel Wen ncRANe crcurae teens 0.0891 0.0571 1.561 
(OE Wee ar ee a eee care caer tego 0.0673 O29 Gi yh. eas Pee Fae | ee et ret tl oes ORS1O 
Cc.S8 ERO My cudaerd ke Beer BN Arcee 0.0733 OF M5O80 zea eet el lievaeaci ae Nee 0.486 


ERFHCT OF HYDROLIZING SALDS 
Results of K;PO, and Ca(H.PO,)., H.O Treatments 


In a foregoing section of this report is contained a discussion of the effects 
of neutral salts on alkaline and acid soils. 
in this research, dissociate into ions and their principal effects have been 
noted. Another class of salts containing members often used in soil treat- 
ments have molecular dissociation as a distinct chemical property. A study 
of the reactions between some of these salts and the series of soils previously 


used was undertaken with results as shown in the following table. 


Neutral salts, at least those used 


Table 9 


contains results obtained from treating the soils with K;PO,and Ca(H.PO,). 


H,0. 
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Table 9.—Fization from K3P04 and Ca(H2P0s1)2 H20. 


Potassium added 0.391 gm. PO: added 0.3168 gm. 
Calcium added 0.3695 gm. POs added 1.7223 gm. 


KPO. Ca(H2POs,)2. 
Soil and 
ey Potassium POs, Calcium las fae g Calcium PO, 
fixed. fixed. in solution. |" ith HCI. fixed. fixed. 
MES: all teers 0.1297 0.1136 trace 0.1062 —0.0222 0.0291 
MOS: (aCe. 0.1087 0.1070 trace 0.1021 0.0021 0.0043 
Siu, Male iient.s 0.2237 0.1623 trace 0.1145 0.0041 0.1013 
S.Mis wer aCe rier 0.1320 0.1475 trace 0.1103 0.0021 0.0559 
Shear. calleetar. sxc 0.2618 0.2334 trace 0.1176 0.0122 0.0415 
St. i. vac 0.2229 0.1855 trace 0.1279 0.0082 0.0889 
Cui. Walk .eek- 0.2702 0.1979 0.0107 0.1496 0.0346 0.0869 
C.L. ac 0.2840 0.1838 0.0117 0.1269 0.0224 0.0498 


Both members of each salt were fixed by the soils but not in chemically 
equivalent quantities. The magnitude and order of the calcium fixation 
did not differ materially from that determined in some of the preceding 
experiments with other calcium salts. The fixation of potassium, however, 
was considerably increased, but this quantity fixed was greater in case of 
the alkaline soils except the alkaline clay loam. Evidently the soil factors 
that determined the degree of fixation of potassium and calcium ions from 
neutral salts and hydroxides were operating also in the experiment under 
consideration. After treating the soils with HC1 and washing with distilled 
water in the same manner as was previously described the fixation of PO, 
was reduced but comparatively large quantities of PO, were fixed. The 
medium sand soils, acid sandy loam and silt loam fixed a greater equivalent 
of PO, than potassium. On the other hand, the alkaline sandy loam and 
the clay loam soils fixed greater equivalents of potassium than PO, Quan- 
tities of calcium liberated by the. K;PO, treatments were very small except 
in case of the clay loam soils. 

The alkaline soils, except the medium sand, fixed more calcium from 
Ca(H.PO,). than the acid soils of similar classes. Irregularities were also 
apparent between the fixation of calcium and PO, but these irregularities 
are not consistent with those observed with the K:PO, treatments A greater 
quantity of PO, was used in the Ca(H.PO,). treatments and may have 
changed conditions to some extent. The above stated results, however, 
point strongly to the conclusion that fixation of PO, in the experiment was not 
dependent upon the same soil factors as fixation of potassium or calcium and 
was independent of the quantities of potassium or calcium fixed, as shown by 
the unsatisfied equivalents. ‘The phosphates form insoluble salts with cal- 
cium and magnesium, however, and are fixed by soils. 


Results From Ca(C:H;0-)2. and KC.H;0, Treatments 


Fixation from calcium and potassium acetates was next studied. The 
effects of Ca(C.H,;0.) were desired and KC.H;O2 was compared with the 
calcium compound because it is a salt of the same class. Results are given 
in Table 10. : 
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pee, ae 


TABLE 10.—Fization from Ca(C2H302)2 and KC2H302. 
Calcium added 0.466 gm. Potassium added 0.3981 gm. 


| Ca(C2H302)>. KC2H302. 

Soil and reaction. Magne. | Acidity of , j RS _ | Acidity of 

Calcium Said solution in Potassium ; Calcium aes solution in 

fixed. insolut‘n: CG 4 fixed. in solut’n. | 5, Sole a: a Gee 
IMIR R Seue LA orcs, on 0.006 0.0044 1.2 0.0926 0.047 0.0042 1.4 
TW Saag One eneneno! Ste Pers eer t eon 0.0041 en: 0.0629 0.007 0.0040 9.2 
NS Le TOE ac Arak 0.014 0.0067 8.3 0.1443 0.036 0.0068 5.1 
Seelss  '8C. occ» 0.004 0.0046 6.1 0.1078 0.014 0.0042 11.3 
Steely ali s cree: 0.028 0.0118 6.1 0.1613 0.041 0.0123 7.2 
obs: PIMCE a acc: os 0.012 0.0075 T.2 0.1506 0.035 0.0066 8.4 
Gls VALS yeistexte 2 0.038 0.0171 4.0 0.2061 0.069 0.0187 3.3 
(Og DU iar \ ape ieee 0.014 0.0135 8.1 0.2030 0.061 0.0133 4.6 


Excepting calcium fixed by the medium sands, the alkaline soils fixed 
more calcium and potassium and liberated more calcium and magnesium 
than the corresponding members of each class. The exchange, however, 
was not in equivalent proportions thereby agreeing with results from the 
phosphate treatments. Quantities of calcium and magnesium found in the 
extracts agreed favorably with those found in the case of the neutral salt 
treatments, particularly KCl. Evidently calcium and potassium were fixed 
and an equilibrium set up between certain soil elements and the acetate 
ion, the acetates formed being soluble in water. It may also be observed 
from results given in Table 10 that the KOH titration on the soil extracts 
with phenolphthalein as indicator was not a measure of the calcium or potas- 
sium fixed by the soils, but an approximate measure of conditions in the 
extract; i. e. the closer the equivalent of acetate-ion to potassium fixed by 
the soils, or acetate-ion set free, agree to those of calcium and magnesium 
found in the extracts less KOH is required to neutralize the extracts. This 
relationship is not so apparent in case of the Ca(C,H,0.). treatments. While 
these results are not definite they may be considered as indications of the 
true state of affairs in this connection. 


Results Obtained from Treating the Soils with K.C.0, and FeC1, 
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TABLE 11.—Fization from K2C201 and FeC13. 


Potassium added 0.3910 gm. C20; added 0.44 gm. 
Tron added 0.3910 gm. (as Fe203) 


KeC204 FeC 13. KC1 after washing. 
Soil and toloi 
reaction. Potas- C20: FeO, | Calcium pacar Potas- | Calcium Magne: 
fae, fixed. fixed. Solieione i BeOi" feed: cote. in 
amy sail solution. 
WGSis, GR ee 0.0928 0.1258 0.1170 0.1502 DBASE Is sape eter eccns cil eveges oa euSiG)| Gacee aeons 
MGS. AGKOS AS 0.0678 0.0308 0.0330 0.0244 ONTO pis bocate cere fared tewedehatetenacetal| sitet eee 
S. L. Be nese 0.2308 0.1804 0.1990 0.1543 0.775 0.0405 0.0338 0.0040 
Ss. L ac 0.1306 0.0616 0.0570 0.0406 0.712 0.0019 0.006 0.0027 
heise Dye) oc: a 0.2434 0.1980 0.1600 (Ogata ly A7f ON F3B hy is cieteenacttea| iors ale eel ecco 
Stralieeuac 0.2092 0.1496 0.1390 0.0974 OFFOL J). aos ag tan| Soe eee «6-4 pea eee 
Cc. L Ey ones 0. 2580 0. 2640 0.2910 0.2152 OSTAOM el chic ie tocis he alles ieuseeut she ol ere sees 
C. L AGA ee 0.2879 0.2772 0.3130 0.2192 OOO ills eee e ae ohh hk te rete theo || Ree ee 


In case of the K,C.O, treatments, Table 11, the results agree generally 
with those obtained from K;PO, and KC.H;O:2 with respect to order and 
quantities of potassium fixed. C,O,-ions fixed were not equivalent in amounts 
to the potassium ions fixed. Calcium was found to be present only in traces 
in these extracts. 

FeCl; was used as an example of an acid hydrolyzing salt and the quantity 
of iron fixed. was found closely proportional to the calcium found in the 
extracts, except in case of the alkaline medium sand soil which contains lime- 
stone in considerable quantities. Magnesium was not determined but 
probably enters into the reaction. The extracts from these treatments 
were acid and the effects, in general seem to have been a neutralization of 
the acid salt. In this experiment an attempt was made to determine if 
the iron fixed in the sandy loam soils could be replaced by a KC1 treatment 
after washing the FeC1, treated soils with water. Results of these determ- 
inations are given in the portion of Table 11 headed ‘“KC1 after washing”’. 
It may be observed that the potassium fixation was greatly reduced as com- 
pared with the results from fixation of potassium from KC1 in the untreated 
soils, an equal quantity of KC1 being used in the solutions. Also, calcium 
and magnesium found in the solutions were more than equivalent in quanti- 
ties to the potassium fixed. From these considerations it is doubtful if the 
iron fixed from the FeCl; treatments may be replaced and probably exists 
in the soils in the hydroxide form. The effect of lowering the potassium 
fixation was similar to that produced by HC1. 

Effects produced by treating soils with hydrolyzing salts are similar in 
some respects to those obtained by treating with neutral salts and dissimilar 
in other respects. The alkaline soils with few exceptions fixed a greater 
quantity of the basic radicals of all the salts used as well as the acid radicals 
that form insoluble compounds with calcium or magnesium. An explanation 
of the exceptions was given in case of the neutral salts treatments. The 
same explanation may apply to the exceptions noted in the hydrolyzing 
salts treatments. The acid clay loam soil fixed more potassium and less 


EXPERIMENT STATION BULLETINS. 335 


calcium than the other member of its class, and liberates more calcium but 
less magnesium. The fixation of potassium from KC.H;O. by the clay 
- loam soils does not agree with the above explanation although the results 
are in close agreement. The acid silt loam fixed more PO, from Ca(H.PO,); 
than did the alkaline silt loam. The effects of the presence of CaCQ; in the 
alkaline medium sand was also noticeable in case of the calcium salts and 
FeCl; treatments. The dissimilar effects noted between hydrolyzing and 
neutral salts treatments were a much greater quantity of potassium fixed 
from the hydrolyzing salts, and the absence of chemical equivalents between 
elements fixed and those found in the soil solutions. The hydrolyzing salts 
used may be placed into three separate classes based on their effects upon the 
soils; namely, alkaline salts, acid salts and salts forming insoluble compounds 
between their acid radicals and soil elements. A fourth class may be con- 
sidered in cases where an acid radical of an acid hydrolyzing salt would 
form an insoluble compound with soil elements. 

A brief summary of observed effects of the hydrolyzing salts treatments 
follows: (1) The alkaline soils, with few exceptions, fixed a greater quantity 
of cations from hydrolyzing salts than the acid soils of the same classes. 
(2) Greater quantities of cations were fixed from hydrolyzing salts than from 
neutral salts. (8) Closely equivalent exchanges of soil elements for those 
fixed from hydrolyzing salts were not observed, however, the fixation of iron 
from FeC1,; was nearly proportional to the calcium found in the soil solutions 
except in case of the limed soil. (4) Exchange of soil elements was observed 
in cases where these elements formed soluble compounds with the anions 
of the salts used. (5) Fixation of one ion of a hydrolyzing alkaline salt was 
apparently independent of the fixation or combination of the others. 


GRNDPRAL SUMMAIRY 


Data accumulated in this research point strongly to the conclusion that 
when neutral salts, hydrolyzing salts or hydroxides in solution are placed 
in contact with soils a chemical reaction results in which portions of the 
cations or basic radicals of the added compounds are precipitated in the 
soil mass and in case the anions or acid radicals of the salts used form soluble 
compounds with calcium or magnesium the resulting salts are found in the 
soil solution. When the acid radicals of added salts form insoluble compounds 
with calcium or magnesium they were also precipitated in the soil. Fixa- 
tion or precipitation of potassium, sodium and ammonia ions from neutral 
salts was shown to be dependent chiefly upon the calcium and magnesium 
of the soils, while the fixation of calcium depended upon soil magnesium and 
fixation of magnesium upon soil calcium. The several classes of components 
used in treating the soils, however, showed different effects. With few ex- 
ceptions the alkaline soils fixed greater quantities of the members of the 
salts fixed than the acid soils of the corresponding classes. 

The reaction between neutral salts and soils appeared to be less compli- 
cated than in case of any of the other classes of compounds used. A portion 
of the cations of the salts used was precipitated in the soil mass and a nearly 
equivalent quantity of certain soil elements, or a soil element depending 
upon the salt used, combined with the anion of the salt was found in the 
resulting solutions. The cations precipitated or fixed were replaced by dis- 
similar cations of neutral salts which were also fixed in the soils. 

Cations of the bases used were probably fixed in the soils without exchange 
of soil elements, because the quantities of calcium found in the solutions from 


336 STATE BOARD OF AGRICULTURE. 


KOH treatments were much smaller in magnitude than the solubility factor 
of calcium as Ca(OH), and magnesium was not found in sufficient quantities 
in any of the extracts from either the KOH or Ca(OH), treatments to alter 
the above conclusion. Providing Ca(OH). was formed by the KOH treat- 
ments the presence of a greater quantity of calcium should be expected in 
the extracts. On the other hand potassium fixed from KOH was apparently 
liberated by the Ca(OH), treatments. The solubilities of the hydroxides 
in question is probably a most important consideration. Potassium fixed 
from KOH was liberated again by treating with CaC1.. 

In summarizing the effects of hydrolyzing or molecular dissociating salts 
attention must be given to the different classes involved. In case of the 
KC.H;O, treatments there was evidence of exchange between the potassium 
of the salt and calcium and magnesium of the soils thereby agreeing in this 
respect with results from the neutral salt treatments. Much greater quan- 
tities of potassium were fixed, however, and the extracts were over balanced 
with C.H;O, ions as shown by the titrations with 0.1 N KOH solution. The 
acetate acted similarly to a neutral salt and hydroxide combined giving 
uncombined C:H;0O:, ions in the soil solutions, but the uncombined C.H,0, ions 
were not a measure of the quantity of potassium fixed by the soils. Effects 
produced by Ca(C:.H;O:)2 were probably similar to those obtained by the 
KC.H,;O, treatments. K;PO, may be considered representative of another 
class of hydrolyzing salts, both members of which were fixed by the soils. 
As shown by lack of chemical equivalents in the case studied, different soil 
factors were probably responsible for the fixation of potassium in PO, ions. 
It was apparent, however, that these factors were closely related to the cal- 
cium and magnesium content of the soils. Either calcium and magnesium 
were responsible or some other factor or factors closely allied with these 
elements, because in nearly all cases the alkaline soils fixed a greater quantity 
of K;PO,; than the acid soils of the same class. Some soils fixed a greater 
equivalent of potassium ion than PO,-ion, and in the other soils this order 
was reversed. Whether the potassium ion or PO,-ion is fixed in greater 
quantity seems to depend upon the quantity relationships of the soil factors 
involved. Effects of Ca(H.PO,)..and K.C.O, were similar to fhose of K; 
PO,, except magnesium was present in extracts from the K,C.O, treatments, 
although the quantity was not determined, and this element was probably 
in the form of MgC.O,. Although undetermined, these reactions are prob- 
ably reversible because reactions between neutral salts and soils and KOH 
and soils are reversible at least with respect to their basic ions. FeCl, 
belongs to a third class of hydrolyzing salts being acid in reaction. From 
effects of this salt upon the soils it is believed that the iron was precipi- 
tated in the soil mass as the hydroxide and that the reaction is not revers- 
ible. In general the effect of this salt upon the soils compared to the effects 
produced by treating the soils with HCl. 

From the results of this investigation it is believed that only small quan- 
tities, if any, of potassium, sodium, iron or aluminum were present in the soils 
used in an exchangeable condition. This point was discussed more fully 
in connection with the summary of the experiments with soils and neutral 
salts. 

Data presented favor the conclusion that the reaction between soils and 
the chemical compounds used is chemical in nature rather than physical. 
The main lines of evidence bearing on this point have already been discussed, 
and they are principally the relationships shown between fixation and the 
calcium and magnesium of the soils or other elements fixed in the soils by 
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chemical treatments. The magnitude of fixation evidently depends upon the 
nature of the chemical compound used in treating the soils; its manner of 
dissociation, the solubility of the resulting products, and the quantity rela- 
tionship between the reacting components. As the foregoing factors vary 
different chemical systems would be set up between the reacting materials. 
Providing the reactions under consideration are chemical, chemical laws and 
theories should be applicable. It must be remembered, however, that 
soils are very hetrogeneous substances and they cannot be expected to sub- 
mit to manipulation as might be the case with chemically pure substances. 
Many difficulties stand in the way of a clear interpretation of results. We 
know as yet very little concerning the chemical constitution of the soil. Very 
little is known concerning the effects of added salts on the solubilities of soil 
components, the possibility of the formation of double salts, the effect of re- 
action of soil media upon solubilities, and the possibility of secondary reac- 
tions. Further work along intensive lines is necessary before a complete 
understanding of the relationships involved can be obtained. 

A law of reaction between chemicals and soils may then be formulated 
from the foregoing results and conclusions. An ion of any soluble salt that 
forms an insoluble compound with soil components will be fixed in soils 
from solutions of the salt, and if soluble combinations are formed during 
the reaction they will appear in the soil solution or extract. When salts 
that dissociate into ions are placed in contact with wet soils the fixation of 
the cations depends upon the resulting combination of the anions; i. e. fix- 
ation and liberation of elements are equivalent; and when alkaline salts 
that dissociate into molecules are placed in contact with wet soils fixation 
from one molecule is independent of the fixation from or combination of 
the others. This law may be stated more specifically when the class of the 
dissociating compound is known. In general fixation and liberation of 
elements, under the foregoing conditions, depends upon the manner of 
dissociation of the chemicals used in soil treatments and the solubilities 
of the compounds formed, and the magnitude of fixation depends upon 
the quantity relationships between the reacting components. The power 
of a soil to fix cations may be increased by bringing it into contact with 
hydroxides or alkaline salts in solution, and decreased by acid and acid 
salt treatments; but neutral salts very in their effects on this soil character- 
istic, causing either no equivalent change or an increase depending upon 
the elements involved. 


NHE SOIL RBACTION 


Results obtained in this investigation may be interpreted as to give a 
better understanding of the phenomena of soil reactions particularly with 
respect to the mineral portion of the soil. Basing conclusions on these 
results it may be said that practically all soils have acid and basic proper- 
ties in common because they neutralize acids and also alkalies. In general, 
all soils decompose neutral and hydrolizing salts, at least the common salts 
of these classes. A general similarity in these respects exists between acid 
and alkaline soils. (Litmus paper test.) The differences noted were in 
magnitude only, and these differences in magnitude were practically all 
in favor of the alkaline soils over acid soils of similar classes. From a quan- 
tity standpoint, however, certain acid soils may show a greater magnitude 
of reaction with chemical compounds than certain other alkaline soils, because 
the degree of change depends upon the quantity relationships. Therefore, 
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the decomposition of neutral salts, hydrolizing salts or fixation of hydroxides 
is not a distinguishing property of acid soils, and this being the case it is diffi- 
cult to understand the basis of the present use of these chemical compounds, 
except possibly soluble hydroxides under conditions of neutral equilibria, for 
qualitative or quantitative determinations of soil acidity or for lime require- 
ment determinations. In fact, the results of this investigation show that 
the factors causing fixation from neutral salts and those concerned with soil 
acidity are diametrically opposed. The case of treating soils with KC.H,0, 
and Ca(C.H,;O2)2 has already been discussed. The quantities of uncombined 
C.H,0O.-ions found in the soil extracts were not a measure of the quantities 
of potassium or calcium fixed by the soils from these salts; but in case of the 
KC:;H,0O, treatments the quantities of C.H;O.-ions found in the soil extracts 
were an approximate measure of the differences between quantities of potas- 
sium fixed and calcium magnesium found in the solutions. Applying the 
same reasoning to the Ca(C.H,;0O.). treatments the quantities of C.H;O.-ions 
found in the soil extracts would be roughly proportional to the differences 
between quantities of calcium fixed by the soils and magnesium occurring 
in the solutions. Replacing a soil element with another element from a 
salt gives no means of measuring the magnitude of soil acidity. Another 
important point in this connection is because of the complicity of the reac- 
tions involved, the titration of soil extracts with either acids or alkalies 
will be attended by difficulties unless the chemical composition of the extracts 
is known. Apparently the reaction of a soil is determined by quantity 
relationships, not the relationships existing between the water soluble soil 
material or the solubility products of soil components, but between the 
quantities of the active masses of the components involved. In other words, 
all soils may contain reserve alkalinity and reserve acidity and the soil reac- 
tion may be the result of mass action between the active masses of these 
components. The term active mass referring in this connection to all the 
material which could be brought in a condition to react. A neutral soil then, 
would represent a case where the active masses of reserve alkalinity and 
reserve acidity were equivalent, and soils containing un-equivalent active 
masses of these components would be either acid or alkaline as the case might 
be. 


Practical Considerations 


The statement has been made that the magnitude of fixation in soils is 
closely related to their agricultural value, the soils fixing the greatest quantity 
of substances being the best for agricultural purposes. Since it has been 
shown that fixation from chemical salts depends chiefly upon the calcium 
and magnesium content of soils, it follows that the calcium and magnesium 
content of soils is an important fertility factor. The quantity of calcium 
and magnesium in itself, however, is probably not nearly as important from 
the fertility standpoint as is the ratio between the quantity of active calcium 
and magnesium and other soil materials, namely, acid silicates; because 
alkaline soils as a class are usually more fertile than acid soils and alkaline 
soils have greater ratios of calcium and magnesium to acid silicates than acid 
soils. The agricultural value of a soil then probably depends to a certain 
extent upon its active quantity ratio of calcium and magnesium to acid sileates. 

Liming increases fixation and thereby gives a soil a certain potential 
value enabling it to better conserve its fertility, as represented by the fer- 
tility products of soil processes or applied as fertilizers; to better prevent 
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unfavorable reactions with fertilizers and plant nutrients developed within 
the soil mass; to deliver nutrients to plants under more favorable conditions; 
and to provide a more congenial medium for the development of beneficial 
bacteria. By considering the transformations of the chemical compounds 
involved the applications of the foregoing statements will become apparent. 

Some of the transformations and effects of fertilizer salts when added to 
soils may be anticipated from the results presented herein especially when 
the class of salt is known. Volumes may be written on this subject but 
only a short discussion of principles will be given here. Some of the effects 
of chemicals on soils are as follows: (1) An equivalent exchange may take 
place between the cation of a neutral salt and a soil element thereby enriching 
the soil solution with the resulting soluble compounds. (2) Any molecule 
of a hydrolyzing salt may appear in the soil solution after treatments with 
this class of salt. (3) Hydroxides may be partially or wholly fixed in the 
soil depending upon the solution concentration. (4) Acid salts may act 
similarly to acids and leave insoluble hydroxides in the soil. (5) The gen- 
eral effect depends upon kind and quantity of reacting materials. There- 
fore, from a chemical standpoint the proper fertilization of each soil is an 
individual proposition and one that requires careful study if maximum bene- 
fits are to be obtained. The same line of reasoning applies to all soil experi- 
mental work where soils are treated with chemical compounds. In order to 
explain the results obtained it is necessary to know the chemical changes 
produced by the soil treatments. Much chemical experimental work has 
been done on soil classes or soil types as a basis; but there is a considerable 
variation in the chemical constitution of similar classes of soils, in fact, there 
may be greater differences in this respect between soils of the same class than 
between soils of different classes. In this investigation there is a marked 
similarity in the results from the alkaline sandy loam and acid silt loam 
soils and the alkaline medium sand and acid sandy loam soils; while the 
results from similar classes vary considerably except in case of the clay loam 
soils. It is evident that soil types or classes based on physical properties 
provide no consistent basis for chemical investigations designed to study the 
effects of chemical compounds on biological growths or soil processes. 

A common criticism of field experimental work with fertilizers from a 
scientific standpoint is that results obtained can not always be explained. 
An apparent reason for this situation is that the effects produced on the 
soils by the applied fertilizers are not known. Whatever may be said in 
this connection, it is certain that when soil investigators pay more attention 
to the chemical nature of the soils under investigation the science and prac- 
tice of soil management will be greatly benefited thereby. 


CONDENSED SUMMARY 


Data are presented in this publication showing the general effects of 
applications of neutral salts, hydroxides and hydrolyzing salts to acid and 
alkaline soils (litmus paper test) of several classes. The experimental pro- 
cedure consisted in bringing together 100 gm. of air dried soil and 500 c.c. 
of salt solution for a period of one hour, filtering through paper and analyzing 
the resulting solution. Results are briefly summarized as follows: 


1. When solutions of neutral salts were placed in contact with the soils 
used the cations of the salts were fixed in the soils and closely equivalent 
quantities of calcium and magnesium or other elements previously fixed in 
the soils by chemical treatments were found in the resulting solutions. 
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2. When solutions of alkaline salts were used to treat the soils fixation 
of one ion was independent of the fixation or combination of the other. 

3. Iron was fixed in the soils from FeCl;, and acid salt, and a closely 
proportional quantity of calcium liberated except in case of a soil containing 
limestone. 

4. Anions or acid radicals of the salts used that form insoluble compounds 
with calcium or magnesium were fixed by the soils and similar components 
that form soluble compounds with these soil elements were not fixed by the 
soils. 

5. Potassium and calcium were fixed from their hydroxides, but no evi- 
dence of exchange of soil elements was observed. 

6. In case of the neutral salt treatments the fixation of potassium cor- 
related with the liberation -of calcium and magnesium and in one series 
of non-carbonate soils a relationship was observed between fixation of potas- 
sium and quantities of calcium and SiO, dissolved by 0.2 N HCl. The 
fixation of magnesium correlated with exchange of calcium and fixation of 
calcium with exchange of magnesium. 

7. The fixation of an element was reversed by neutral salts containing 
other elements in all cases studied except the FeCl; treatments. 

8. Potassium, calcium and magnesium were fixed by natural soils in 
unequivalent quantities, but when soil calcium and magnesium were largely 
replaced by a single element, potassium, sodium or magnesium, then the 
fixation of the first named elements became closely equivalent. 

9. Soils fixed much greater quantities of calcium from CaCl, after being 
treated with MgCl, than they did before the treatment. 

10. With few exceptions fixation was greater in quantity in alkaline soils 
than in acid soils of the same class. 

11. Fixation from neutral salts was probably due to a calcitum-magne- 
sium-ferro-alumino-silicate; of hydroxides to acid silicates, and from hydro- 
lyzing salts due to a combination of these soil components. 

12. Fixation from chemical salts and exchange of soil elements depends 
upon the manner of dissociation of the salt used for treatments and the 
solubilities of the compounds formed. The magnitude of fixation and 
exchange depends upon the quantity relationships between the reacting 
compounds. 

13. The results of this investigation are in accord with the chemical hypo- 
thesis of Way (9, 10). 

14. There was no evidence of replacement of potassium, sodium, iron or 
aluminum in any considerable quantity in the untreated soils studied. 

15. Fixation from neutral salts, hydrolyzing salts or of hydroxides was 
not a distinguishing characteristic of the acid soils. 
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SOME FACTORS IN SOIL FERTILITY. 


INTRODUCTION. 


Agriculture is a permanent industry and must exist as long as human 
society. Indeed it is the most important supporter of other industries 
and education. The betterment of agriculture is the foundation, the 
basis of all general prosperity. The fertility of the soil is the greatest 
of the natur al resources. 

Plants require food for their existence and growth and if the soil 
does not contain the required food elements or are infertile, life and 
growth are impossible. Better tillage and improved varieties of seed 
can not materially increase the production of infertile or depleted soils. 
In fact no factor of crop production under the control of man, influences 
the yield of crops to such an extent as the fertility of the soil. 

Under adverse climatic conditions the crops on an infertile soil may 
fail completely while those on a fertile soil may yield fair returns. Thus 
in a season of drought the plants on fertile soil make a more economical 
use of the soil moisture and yield better than those on poor or infertile 
soils. Fertility also acts as a protective agent against many diseases of 
plants and it is very probable that a decrease in fertility accounts in 
no small degree for the common occurrence of some plant diseases and 
insect pests. This may be illustrated by the Hessian Fly on wheat dur- 
ing the season of 1920. Where phosphates were applied to the heavier 
soils in a number of our demonstrations according to counts made by 
C. W. Simpson, the injury by fly was much less. Moreover, where seed- 
ing is delayed because of this pest, the handicap may be largely over- 
come by the use of fertilizers. 

In as much as the success and prosperity of a farmer depend largely 
upon the fertility of his soil it behooves every farmer and landowner 
to recognize and appreciate the importance of this basic factor of crop 
production. Thus they should direct their efforts towards the mainte- 
nance and increase of the fertility of their land. 

Since the fertility of the soil is the greatest of the natural resources 
and is the most important supporter of all agriculture it follows that 
it is both desirable and obligatory on the part of national, state and 
county governments to do all that is practicable towards the mainte- 
nance or the increase of the fertility of the soil. 
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LOSS OF PLANT FOOD ELEMENTS FROM SOILS. 
Popular Bulletin No. 290 


BY M. M. MCCOOL, C. E. MILLAR, G. M. GRANTHAM, SOIL SECTION 


Virgin soils in humid regions become less fertile with age. In various 
sections of the United States there are large areas of rather heavy lands 
which were in a very low state of fertility when first settled by the white 
man. These areas were once very productive but due to the various 
climatic factors operating through long periods of time they became de- 
pleted. It is evident therefore that there are- certain natural agencies 
which tend to impoverish the soil. When soil is brought under cultiva- 
tion usually these natural agencies are stimulated to a certain extent 
and new ones are also added. The most important of these are leaching, 
erosion and the removal by crops. 


THE LIME PROBLEM IS GENERAL. 


The amount of lime removed by leaching is greater than the amount 
of other substances lost in a similar manner. Tests conducted by farm- 
ers, county agents and members of the Soils Section show clearly that 
many of our lands have reached the stage where liming is advisable for 
satisfactory crop production, especially if one desires to grow the 
clovers, alfalfa and vetch. There are reasons for this condition. Lime 
is constantly removed from soils by leaching or washing by rain water 
that falls on them and by the crops that are harvested. The loss of 
lime from the soil is exemplified by the conditions that exist in many 
places in Michigan. When the better classes of our soils were left by 
the glacier they contained about the same amount of carbonate of lime 
from the surface downward. Of course the different kinds of soil varied 
from one to the other. Our soil surveys show that carbonates do not 
exist even in the fine textured soils over much of the State above thirty- 
six inches, although in some types it lies within eighteen inches of the 
surface, whereas in sandy soils it has been removed to depths ranging 
from four to ten or more feet. The marl beds bear witness of this re- 
moval from the upland soils and owe their existence to it. This means 
that sooner or later all soils will become deficient in this substance and 
must receive it in some form if they are to continue to be productive. 
Our investigations also show that not all of our soils are deficient in 
lime or respond to its application. It may be cited for example that the 
finer textured soils of the Old Lake Bed of eastern Michigan, the Thumb 
area and the Saginaw Basin are not in need of it. Aside from these 
and portions of the soils in Alpena, Presque Isle, Cheboygan, Emmet, 
Charlevoix, Antrim, Otsego, Grand Traverse and Leelanaw counties, the 
majority of the soils in the southern Peninsula are deficient in this ele- 
ment. 

When it is considered that lime is necessary for soil productivity and 
that it is lost by leaching or washing and by removal of crops from the 
land the conclusion is logical that the use of it in some form is one of 
the necessary practices involved in permament systems of agriculture. 
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THE NITROGEN PROBLEM IS ACUTH IN SOME SECTIONS. 


Nitrogen is necessary for plant growth. The maintenance of ample 
amounts of active vegetable matter or humus in the soil to supply nitro- 
gen to crops and to keep the soil in good condition constitutes our 
greatest soil problem. Therefore the nitrogen and humus problem 
needs special consideration. 

Nitrogen is found in all plants, soil organic matter or humus as well 
as in several commercial forms. When present in or added to the soil in 
suitable compounds it results in an intensity of the green coloring matter, 
and increases the root, stem and leaf development or the vegetative 
portions of the common plants. On the other hand it is well-known 
that the presence of an excess of available nitrogen may prevent. proper 
seed formation and cause loding of grains and grasses, especially if the 
phosphorus and potassium are somewhat deficient. The amount at the 
disposal of the crop affects greatly its quality in as much as large 
amounts result in the formation of soft tissue. Therefore, one may 
regulate somewhat the quality of such crops as cabbage, celery, lettuce, 
asparagus and others by controlling the nitrogen relationships. It is 
well to mention that excessive amounts prolong the growing period or 
delay maturity. 

Nitrogen starvation is indicated by yellowish or pale-green colored 
leaves, lack of thriftiness or a general stunted appearance. It should 
be recalled that other soil conditions may result in similar symptoms. 


Sources of Nitrogen. There are four chief sources of nitrogen for crops, 
namely from vegetable matter or humus, from bacteria in legumes, from 
bacteria and other forms in the soil and.from commercial fertilizers. 
The chief source for most crops is the soil vegetable matter, commonly 
spoken of as humus. 


Nitrogen from vegetable matter is important. Before this nitrogen is 
made use of or taken from the soil by the crops the process of decay 
or rotting and nitrification or the formation of nitrates must take place. 
Decay may be and usually is brought about by several kinds of organisms 
or germs which infest the soil. These processes or the making available 
the nitrogen of the humus may be slow under some conditions and rapid 
under others. 

When the soil is cool or the temperature is low and it is wet, decay 
and consequently the rendering of the nitrogen available for crops is 
very slow. On the other hand when the soil is warm and moist, but not 
soaked with water, these processes are much more rapid. If lime is 
deficient in the soil its addition results in hastening decay. It has also 
been shown that phosphorus acts similarly and it is probable that the 
splendid effects of acid phospliate, late in the autumn and early in the 
spring, are due in part to this action. 

The kind of material that is added to or is present in the soil governs 
the rate of formation of available nitrogen. It is well recognized that 
clovers, alfalfa, beans, peas and vetch decay more rapidly in the soil 
than do straws of the cereals. The breaking down of the latter may 
proceed very slowly if lime is deficient in the soil. 

The rate of decay and consequently the formation of nitrates in the 
soil is most rapid near the surface. This may be illustrated by the 
eanditions of fence posts that have been in the soil a number of years. 
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They usually rot off or are broken off at or near the surface of the 
ground, yet decay takes place at greater depths but to a much less ex- 
tent depending upon the nature of the soil, that is, whether heavy or 
light as well as the water content. This is shown in Fig. 1, after Fippin. 
Decay takes place more rapidly in soils that are devoted to row or tilled 
crops than it does in those devoted to others. These processes proceed 
rapidly in fallow land or land not occupied by crops that is stirred fre- 
quently. 
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Ficure 1.—The rate of decay of manure and crop residues is controlled by soil texture, moisture 
content and the depth of covering. 


Decay should not be too rapid. If these processes take place too 
rapidly great losses of nitrogen may take place. This is true because 
nitrates are readily soluble in or are dissolved by water and thus if 
not utilized by growing plants they may be washed out of the soil and 
pass away in the drainage water. We have found for example that 
they move about quite readily with the soil moisture. Dr. T. L. Lyon 
of the New York Agricultural College at Cornell University found that 
heavy land unoccupied by a crop lost 444.8 pounds of nitrogen per acre 
by leaching, whereas the losses from the same soil when cropped were 
25.6 pounds per acre per year. 

We may say therefore that the presence of vegetable matter in the 
soil is essential to successful crop production because it is from this 
that plants obtain much of their nitrogen supply. Moreover there are 
other decidedly beneficial effects such as the improvement of soil tilth, 
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the making available of phosphorus, potassium and other elements of 
plant-food as well as the favorable effects it has on lower organisms, 
germs or bacteria that are beneficial. This material must decay in the 
soil, consequently if a proper supply is maintained provision must be 
mmade for regularly renewing it. This is another condition essential to 
soil fertility. 


Nitrogen may be taken from the air by legumes. The soil does not 
furnish all of the nitrogen that some crops contain. The legumes or 
those plants that form seed in pods such as the cloyers, alfalfa, peas, 
beans, cowpeas and vetch may obtain nitrogen from the soil air by 
means of germs or bacteria that are present in the soil or added to it. 
These attack the tender portions of the roots and cause galls, tubercles 


Fiaures ,2.—It is much better to have straw rotin the soil than in the pile or stack or 
0 be burned. 


or nodules to form. In these are large numbers of germs or bacteria 
which are able to take the nitrogen from the soil air and pass it on to 
the plant in such form that it makes use of it in its growth. In the 
light of our present knowledge we may say that such crops derive about 
two-thirds of their nitrogen from the soil air and one-third from the 
soil. This relationship is shown by figures 3 and 4. 


Nitrogen may be fixed in the soil by other organisms. Some germs or 
organisms take nitrogen from the soil air and fix it or place it directly 
in the soil in such condition that it may be utilized by crops. This may 
proceed in the absence of growing crops. It is agreed that the activity 
of these varies greatly in different soils and they are encouraged by 
many conditions that are favorable to the common crops such as heat, 
moisture, lime, phosphorus, vegetable matter, good tilth and others. 
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Fiaure 3.—The cheapest source of nitrogenis the air. Morelegumes should be grown in Michigan. 
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I'icure 4.—The supply of nitrogen in the soil is not increased by growing clover if all the hay 
is removed. 
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THE POTASH SITUATION DESERVES CONSIDERATION. 


Potash is leached from the soil in relatively small amounts. Analyses 
of river, well and drainage waters taken from several parts of the humid 
areas of the world show that this is not important in the mainte- 
nance of soil fertility. When this element of plant-food is applied to 
the soil it is held quite firmly until removed by growing plants. Very 
porous sands may be exceptional however. On the other hand potash 
that is present in hay, straw or manure is quite easily washed out when 
exposed to the elements and may be lost so far as crop production is 
concerned. 

Potash is contained in relatively large amounts in unleached manure, 
one ton on the average carrying 10.5 pounds. This constitutes the chief 
carrier of potash used on Michigan soils. Potash can be purchased on 
the market in several carriers. 


Ficure 5.—Gullying in fields makes portions of them inaccessible, unproductive and buries good 
and that lies at lower levels. 


THH LOSSES OF PHOSPHORIC ACID BY LHACHING ARH SMALL. 


The amount of phosphoric acid removed from soils by drainage water 
is less than that of potash. Investigations conducted in England and 
at several experiment stations in this country show that phosphoric acid 
that is present in or added to soils is held tenaciously by them. More- 
over it is not removed from manure or crop residues as is potash. 

Manure contains less phosphoric acid than potash, a ton carrying 
under average conditions about 6 pounds. The chief sources of supply 
are the commercial carriers. 

Most soils of the State respond to applications of phosphate fertilizers. 
For further information relative to this important plant-food refer to 
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the Michigan Experiment Station regular bulletin No. 284—‘“Some In- 
formation and Suggestions Concerning the Use of Phosphorus.” 


SOIL EROSION SHOULD BE CHECKED. 


The removal of the surface soil by water erosion or washing is serious 
in many fields. The gullying in fields attracts some comment and re- 
sults in considerable inconvenience in certain localities but on the whole 
this is of minor importance in comparison with sheet erosion or the 
displacement of the surface layer of soil without the formation of gullies. 
The fertility of small valleys and depressions and the low productivity 
of knolls and ridges in undulating and rolling land bear evidence of 
the washing from the upland of the richer surface soil. Moreover soluble 
plant-food constituents accumulate to a variable extent on the surface 
of these heavier soils as they become dry, more so when either bare 
of vegetation or devoted to tilled crops than if occupied by grasses or 
small grains. When torrential or dashing rains follow such conditions 
appreciable quantities of these are removed by the water that runs off 
the surface. 

These amounts do not seem large and yet when it is recalled that they 
must be procured from the available supply of the soil they assume a 


Ficurw 6.—Sheet erosion accounts for the low productivity of many rolling or hilly lands because it 
removes the fertile surface gall, 
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new importance. A large number of samples have been taken from the 
predominating soils types in Michigan and subjected to analyses. The 
samples were placed in two groups: cropped and uncropped. The former 
were taken from fields which have been under cultivation for a long 
period of years and the other group from line fences, woodlots and 
virgin timber, which have never been under cultivation. A summary 
of the results of many analyses is given in table 1. 


Tasie 1.—Pounds of nitrogen, phosphoric acid and humus in cultivated and uncultivated soils. 


, Nitrogen. Phosphoric acid. Humus. 
Per Per Per 
Virgin.|Cropped. eee Virgin.|Cropped. Set Virgin. |Cropped. gent, 
ence. ence. ence. 


Level to — undulating 

loamy sands and sandy 
loam of S. W. Michi- 
an—original timber 
arpely, ale?) 22058... 3,032 1,993 |34.27 |2,471 2,086 |15.57 | 63,672 | 41,853 | 34.27 

Level to undulating 
loams of S. W. Michi- 
gan—original timber 
oak, maple, beech, 
some hickory.......... 4,562 3,355 |24.46 |3,154 2,224 |29.48 | 95,802 | 70,455 | 24.46 


The decreased fertility shown in this table is supported by observations 
of the older settlers, who in many communities tell us of the large wheat 
yields and luxuriant stands of clover of earlier years. 


Ficurs 7.—During one generation the fertility of some fields has been materially reduced. 
On the right wheat growing on 70 year old field, on the left line fence. 


FERTILITY REMOVED BY CROPPING. 


Since unquestionably there hag been a decrease in the fertility of 
most of our soils it is well to study some of the farming systems followed 
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in the State to learn if possible where the difficulty lies. This is es- 
pecially desirable since on most farms considerable quantities of manure, 
clover sod and other organic materials are plowed under. We have 
worked out in detail the conditions that may exist under several sys- 
tems of farming. 


Conditions on a grain farm. Some farmers follow a system ‘of grain 
farming. The maximum or greatest, the minimum or lowest and the 
average losses of certain plant-food constituents are summarized in 
table 2. 


Tasuie 2.—Plant food balance on a 100 acre grain farm carrying 2 cows, 5 horses and 14 hogs. 


Nitrogen— | Phosphoric Potash— 
pounds. acid— pounds 

Plant food in feed and pasture grass..............s5+-e0- 1,630.78 504.04 1,263.42 
Loss during digestion and handling of ma- { Maximum... 938.60 271.48 558.96 
TUUAT OM seco cre eS ech ctele aie muclerets voiele gi shenesterchand Minimum... 739.42 190.51 450.51 
Average..... 839.01 230.99 504.73 
Returned to soil in bedding; stover, etc.................. 684.4 185.84 1,014.90 
Maximum... 1S hoece 499 .37 1,827.81 
Total returned tO SOW siedn << cye.s ows ered Minimum.... 1,376.58 418.40 1,719.36 
Average..... | 1,476.17 458.89 1,773.59 
Removed Tromssoil iMCropsaa. as sewisin ve we eee ee nee eee 4,945.5 1,927.53 4,325.13 
{ Maximum. .. 3,568.92 1,509.10 2605 a0 
Annwalsloss tron soil... ssee.-tie et seekers Minimum... . | 3,369.74 1,428.16 2,497.32 
| Average..... 3,469.33 1,468.64 2,501.54 


It is seen that under the conditions given a considerable annual loss 
of nitrogen, phosphoric acid and potash is sustained on this farm. This 
is true irrespective of the fact that all stover not fed is plowed under 
and assuming that there is no loss of plant food from straw used for 
bedding, a condition which is not true. If all the straw not used on the 
farm were plowed under instead of being sold, there would still be a 
net average loss of 2,609.73 pounds of nitrogen, 1,220.24 pounds of phos- 
phorie acid and 1,423.82 pounds of potash. 


Conditions on a general farm. In some instances general farming is 
practiced. The fertility situation as nearly as can be determined is as 
given in table 3. 


Tapie 3.—Plant food balance on a 100 acre general farm, carrying 6 cows, 4 young cattle, 5 horses 
and 14 hogs. 


Nitrogen— | Phosphoric Potash— 
pounds. acid— pounds. 
pounds. 

Plant food in feed and pasture grass................-.--- 2,645.79 830.71 2,059.79 
Loss during digestion and handling of ma- {Maximum... 1,546.25 459.76 902.89 
TILINES eons ares ole evevelias ayncgistenthe Gis atone eeeinneats Minimum. .. 1,067.40 304.68 679.12 
Average..... 1,306.82 382.22 791.00 
Returned to soil bedding; stover, etc...............2-«+-0. 550.4 145.22 845.83 
Maximum... 2,128.79 671.25 2,226.50 
Mota enenurnedetOuSOll s.r ieleiete tl cioerei ests Minimum... 1,649.94 SIG SLT 2,002.73 
Average..... 1,889.36 593.71 2,114.€2 
Removed from. soiliin (Crops, 4.) .ie ecto ees ol ne Aiea eee 4,937.45 1,900.17 4,434.16 
Maximum... 3,287.51 1,384.00 2,431.43 
ATMA LOSS TTOM-SOM: .v...1c. cc) sic cle ee se wists Minimum.... 2,808.66 1,228.92 2,207.6 
Average..... 3,048.09 1,306.46 2,319.54 


*A detailed statement of the conditions on the farm is given in the appendix. 
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The losses of plant-food elements from the 100-acre general farm 
are somewhat less than from the grain farm of similar size but they 
are still menacingly large. The keeping of enough livestock to consume 
a considerable portion of the farm produce has reduced the annual loss 
of fertility but not so much as is generally believed. 

The clover hay has taken its nitrogen from the air rather than from 
the soil. The amount of nitrogen so removed, however, is equal to the 
nitrogen contained in the tops or hay, that in the roots being drawn 
from the soil. It is evident, therefore, that the mere growing of clover 
does not increase the supply of nitrogen in the soil unless the clover is 
returned directly or as manure. If the clover is fed to dairy stock a 
considerable percentage of the nitrogen it contains is retained by the 
animal. The clover also draws its supply of mineral elements from the 
soil and hence there is a direct loss of these materials. 

In general a larger crop follows the plowing under of a clover sod 
even when all the hay has been removed. This is due to the fact that 
the roots, stubble and fallen leaves of clover decomposes rapidly releas- 
ing their supply of plant-food elements. This decomposition may force 
the soil particles to release a portion of their elements in an available 
form. The result is then available plant-food rather than an increased 
supply in the soil. 

Conditions on a dairy farm. Dairy farming is widely practiced in 
Michigan. The plant-food condition on a farm carrying sufficient stock 
to consume practically all the feed crops which can be grown and still 
maintain a fairly well balanced farming system in addition to purchased 
concentrates will be studied here. 
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Fraure 8.—Much organic matter is destroyed and considerable quantities of nitrogen, phosphoric 
acid and potash are retained by dairy cows. 
45 
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Tasie 4.—Plant food balance on a 100-acre dairy farm, carrying 20 cows, 10 young cattle, 5 horses 


and 20 hogs. 

Nitrogen— Fhosp lorie Potash— 

pounds. pounds. pounds. 
Plant food in feed consumed and pasture grass........... 4,858.4 1,851.72 3,934.19 
Loss during digestion and handling of ma- { Maximum... 2,908.07 1,028.67 1,667.56 
INDUS oC icche OG OTR OIehcne Did osaip owe ceeke Minimum .. 1,657.67 514.30 1,129.55 
Average..... 2,282.87 771.48 1,398.55 
Returned to soil in bedding, stover, etc............-.-.-- 522.0 145.73 866.80 
Maximum... 3,/22.13 1,483.15 3,671.44 
Motalereturmed sto sola pees meter cicts « Minimum .. 2,472.33 968.78 3,133.43 
Average..... 3,097.53 1,225.97 3,402.44 
Remo Ved stron soil ini Cropsaeemeeeiia as eee eee aia 5,266.9 1,933.19 5,218.74 
Maximum... 2,794.57 964.41 2,085.31 
Anmuailblossitrom)soiler erence cae ock Minimum .. 1,544.17 450.04 1,547.30 
Average..... 2,169.37 707.22 1,816.30 


The question arises at this point, “Why is it that on livestock farms 
good yields are still obtained, while where little or no stock is kept the 
_ soil depletion is much more evident?” We must remember that most 
of the plant-food elements in manure are readily available or soon be- 
come so. Therefore when manure is applied a quantity of very effective 
material is added which though it does not equal in amount the material 
removed from the soil in crops, is very quick to show results. The 
manure during decay may make available some mineral elements of 
plant-food. Moreover the soils have been changed more frequently than 
where grain farming has been followed. 

The maximum and minimum and average losses of the plant-food 
elements are given above. It must be borne in mind that the amount 
of these nutrients retained by dairy cows varies greatly, those animals 
giving a large flow of milk naturally retaining more than the less pro- 
ductive individuals. The care with which manure is handled varies 
greatly. With low producing animals and the best of care the losses 
may run below the minimum set and on the other hand a combination 
of higher producing cows and careless handling of manure may result 
in a greater loss than is indicated by the maximum. 

It will be noted in the detailed statements of the operations on these 
farms, which appear in the appendix that only 10 acres of good clover 
hay are grown. This represents the condition as it exists on a majority 
of the farms today but is far from the condition desired and from the 
farm practices that prevailed in the earlier history of the State. It 
seems advisable therefore to include a summary of plant-food conditions 
on a 100-acre general farm growing twenty-five acres of clover. This 
should permit clover to be grown on every acre once in every four years. 
The balance on a 100-acre sandy farm using a short rotation including 
twenty-five acres of clover and five acres of soy beans is also included 
(tables 5 and 6). 

A comparison of the data from the general farms growing small and 
large acreages of clover respectively shows that the larger acreage of 
legumes has decreased the loss of nitrogen but has increased the drain on 
the phosphorus and potassium. This is what would be expected since 
a large proportion of the hay was sold. However, only three more tons 
of hay were sold from the general farm than from the dairy farm carry- 
ing 20 cows but feeding silage. If the second cutting were turned under 


EXPERIMENT STATION BULLETINS. 350 


or the straw returned after threshing the loss would be diminished by 
approximately 750 pounds of nitrogen, 82 pounds of phosphorus and 
560 pounds of potassium. 

On the sandy farm the losses are not so heavy because the crops pro- 
duced are not so large. 


Tasie 5.—Plant food balance on a 100-acre general farm, growing 25 acres of clover, and carrying 
6 cows, 4 young cattle, 5 horses and 14 hogs. 


Nitrogen— Bloepneue Potash— 
pounds. pounds. pounds 

Plant food in feed consumed and pasture grass........... 2,641.61 829.22 2,053.24 
Loss during digestion and handling of ma- { Maximum... 1,544.44 468 .25 905.33 
RULE CS nets site sitter exsie tadote es chute Sorete cue oft , Minimum... 1,065.18 303.61 676.13 
Average: .... 1,304.81 385.93 790.73 

Returned to soil in bedding, stover, etc................+. 268 .22 70.71 440.64 
Maximum... 1,844.65 595.29 Sanne 

MOtALELULNEG! TOSOIs wt .jrs selon erro ste arses 4 { Minimum... . 1,365.39 431.65 1,588.55 
Average..... 1,605.02 512.97 1,703.15 

RenIOVeG srorl SOM th: CLOSE] scone eieetew © ois cue bleine, bales 3,998.73 1,901.63 4,790.26 
Maximum... 2,633.34 1,469.98 3,201.71 

ATMA OSS LOWE SOME sc sree sve sen atelolcie, sis ; Minimum... 2,154.08 1,306.34 2,972.51 
Average..... 2,093.71 1,388.66 3,087.11 


Tas_e 6.—Plant food balance on a 100-acre general farm on sandy soil with a short rotation, in- 
cluding 25 acres of clover, and carrying 6 cows, 4 young cattle, 5 horses and 14 hogs. 


Nitrogen— P Hosnbene Potash— 
pounds. pounds. pounds, 

Plant food in feed consumed and pasture grass............ 2,701.97 828.08 2,082.34 
Loss during digestion and handling of ma- { Maximum... 1,583.98 458.25 1,015.28 
WUUIT GS iarcysta, & wise lhe vtekaveresess itt ue leueie eke ai svete) evs Minimum... . 1,097.13 303 .56 669 .40 
Average..... 1,340.54 379.53 803.04 
Returned to soil in bedding, stover, etc..............-s-00- 170.00 78.00 211.00 
Maximum... 1,774.84 602.52 1,623.94 
Lotalmeturned: torso yt ads. se er clove oe Minimum... 1,287.99 447 .80 1,278.06 
Average..... 1,531.43 526.55 1,490.30 
Removed from ysoiliimicropss soos hele oie i.c ere cee ele ete ae 2,949.27 1,468.88 3,625.90 
(Maximum... 1,661.28 1,021.08 2,347.84 
AMMA LOSS) fron SOU sas cre si cterce + eevee s 6 { Minimum... 1,174.43 866.36 2,001.96 
| Avverage=s.... 1,417.84 942.33 2,135.60 


It is impossible to state the actual loss of nitrogen per year on any 
farm, because there are several variables such as the fixation of nitrogen 
and the losses due to leaching, erosion, etc. The fact that some soils 
are growing lighter in color, however, is evidence that a considerable 
loss of nitrogen is sustained. This is borne out by the results of field 
experiments quoted later in this publication which show a decided and 
profitable increase in the yield of wheat on the sandier soils as a result 
of the use of commercial nitrogen. 

A consideration of these farming systems leads to the inevitable con- 
clusion that the fertility of the soil can not be maintained without the 
supplying of plant-food elements from some exterior source. The source 
at present available is commercial fertilizers. 


THE USE OF FERTILIZERS. 


Most farm practices reduce to a greater or less extent soil fertility. 
In fact it is common knowledge that fertile, virgin soils produce an 
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abundance of crops without the application of any form of fertilizing 
materials but later they become less productive and the farmer makes 
use of farm manure and other materials produced on the farm in order 
to overcome this condition. Still later materials must be purchased 
from outside sources if the farm is to continue in its productivity. It is 
now considered that many new soils also will profitably respond to ap- 
plications of lime or other materials. 

The chief object in view when fertilizers are used is to increase the 
yield of crops at a maximum profit or in other words to increase the 
labor income on the farm and it should also be the aim to maintain the 
fertility of the soil at the some time. There are less acres of land, 
horse and man hours required to raise a given amount of produce on 
good land than on land of average fertility or less. This is exemplified 
by the figures in table 7. 


Tasuie 7.—Hours of human labor and horse labor and acres of land required to produce the same 
amount of crops on average land and land properly drained, limed and fertilized. 


Drained, limed and ferti- 
Average land. lized land. 
Crop. Amount - 
produced. | 

Acres re-| Man Horse |Acres re- Man Horse 

quired. | hours. | hours. | quired. | hours. hours. 

IBGans oes ccleieck steps was cise 195 Dues 24 840 984 10 350 410 
OBES sR aca ele ete aeRa iene GOOsDws. eee 20 252 454 9 113.4 204.3 

IWHERE aratiercts ceresatareie eke fs 34.0) DT. ees cers 22 369.6 778.8 10 168 354 
EGY: ct cieer ose ore tedssciehovere tenes Bo LOUS teks che 20 98 362 11 53.9 199.1 
PROG sates fretin ete teves alex Neue eten ners ese eee 86 |1,559.6 |2,578.8 40 685.3 | 1,167.4 


This may be carried farther by showing that the returns for labor are 
affected by crop yields. Dr. J I. Falconer of Ohio State University 
recently reported results of studies made in 1918 of 67 farms in a com- 
munity in Huron county, Ohio. He reported that these farms lie on the 
saine soil type. They were divided into three groups according to their 
yields as shown in table 8. 


TasLe 8.—Effect of crop yields on labor income. 
; Value of 
Crop Yields. ieee of per day of 
; labor. 
S00 VEEN HRA AACA HOIRERCERTT tere ck: Koc caer Sheahan el ey ates ve hae ies 19 $11.92 
RALT eae tole she's Shieh Sp maT Ne (tote, OT oO Tle oo eee tee ener oe Oe ae 20 15.01 
CxG}0)0 I nanan Me Pee na aa, Wann RD Cals ie ee, oe ee Ee cree 18 18.01 


The labor income is greatly affected by crop yields or the fertility 
relationships of the soil. It is good business practice to produce yields 
of crops considerably above the average of the state. 

There are several principles involved in the use of commercial fertilizers 
that should be considered. Application of fertilizers to soils when the 
formation of available plant-food from vegetable and mineral matter is 

Slow are frequently desirable. If the spring growth of fall sown grain 
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is backward because of a severe winter or a late spring the use of light 
top dressings of nitrates on some soils is a profitable and desirable 
practice. Where weather conditions are such that very late fall seed- 
ing is obligatory or late seeding is practiced on account of the Hessian 
Fly, the use of readily available fertilizers is urgent in as much as they 
cause a rapid growth and winter injury is less serious. Moreover where 
an early marketable crop is desired the use of commercial fertilizers 
is advisable. In addition the use of readily available fertilizers is sound 
in regions where the growing period is short since they tend to hasten 
growth and maturity. Still another point to consider is that fertilizers 
may increase the root development of plants and consequently their 
feeding range, thereby assisting them to obtain additional elements of 
plant-food from the soil. This probably accounts for the benefit derived 
from small applications. Naturally such practices do not comprise 
permanent systems of fertility. 

The vegetable matter or humus content of soils may be increased by 
the use of commercial fertilizers. It has been shown that the roots and 
above ground portions of crops may be increased by this means if proper 
rotations of crops are followed. There is more material left in soils and 
larger quantities of residues or manure, straw, etc., to return to the 
land. If on the other hand the soil is improperly managed or the resi- 
dues are carelessly handled, burned or not returned to the land, small 
amounts of available commercial fertilizers will result in more rapid 
depletion of humus than if they are not used. 

Some soils are actually deficient in one or more elements of plant 
food and fertilizers are added to meet this need. As has been pointed 
out this is the case with many of Michigan’s heavy soils with respect 
to phosphoric acid, and sandy soils are not only low in phosphoric acid 
but are also generally deficient in humus and nitrogen. Although potash 
is usually present in abundance in the mineral soils, we have found that 
its use on some sandy lands is desirable for the production of the legumes 
and many growers report also that it is desirable—when prices are 
normal—for the production of potatoes and root crops. Some muck 
and peat soils respond to lime, some to phosphoric acid, some to potash, 
and some to both phosphoric acid and potash. 

We have in progress many field tests that are being conducted co- 
operatively by farmers, county agents and representatives of the Soils 
Section. It is proposed to continue these at least one round of a rota- 
tion and longer if practicable. Although it is recognized that the value 
of such tests increases with the length of time they are continued, it 
seems advisable to report the results we have obtained at this time. A 
summary is given in table 9 followed by a detailed report. 

In calculating the returns from the application of the materials ap- 
plied to the soils the following prices per bushel were used: Wheat, 
$2.00; corn, $1.25; oats, $0.60; rye, $1.50; soy beans, $5.00. The follow- 
ing in terms of tons: Clover hay, $22.00; straw, $8.00; lime, $4.50; acid 
phosphate, $32.00; sodium nitrate, $90.00; potash, $176.00, rock phos- 
phate, $20.00; sulphate of ammonia, $100.00. If the price of farm prod- 
ucts were only one-half the amounts used and the cost of the fertilizers 
were the same, naturally the returns derived from their use would be 
less. 
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TasLe 9.—A summary of fertility tests. 


Farm of Location. Treatment. Soil. 
Ji. Wheeting <7. ve. ci Imlay City..... MGLME ce eye.s 5 oie aks Sand. cc sens 
J. swiheeting yo seca Imlay City..... NATHIO ef Sc chsi'cpe/eeatets Sandlot ok 
Cass County Farm .{ Cassopolis...... MLE ya faye pare fore Sansa sere ars 
Bert Gilbert, Paul Emmet and Che-} Lime........... Sand..... eich: 
Schnelle, Chas. boygan coun- 
Kinser. ties. 
Manistee County Manistee....... IMC. cette ccs Sti80 Bo oueaaer 
Farm. 
Thos. Moore........ Thompsonville. .} Lime........... Sand... seny. 
Van Buren County | Hartford....... Manuress. 2... Sandy loam .. 
Farm. 
J. Wheeting......... Imlay City..... Manure........ Sand cc cicero 
Paul Schnelle........ Clarionyee..cse- WE AMUTC craters akes (6 Sand. cee aan 
W. C. Kempster..... Coldwater...... Rock phosphate.| Silt loam..... 
Van Buren County | Hartford........ Rock phosphate. Sandy loam .. 
Farm. with nitrogen 
and potash. 
Van Buren County | Hartford....... Rock phosphate, | Sandy loam .. 
Farm. with manure. 
Jas. Richards. ...... Eau Claire...... Rock phospuale, Silt loam..... 
Cass County Farm .} Cassopolis...... Rock phosphate, | Sand......... 
with limestone. 
B. C. Gilbert, Paul | Emmet and Che-| Rock phosphate.| Sand......... 
Schnelle, *Chas. boygan coun- 
Kinser. ties. 
E. D. Fairchilds..... Constantine. ...| Rock phosphate.| Sand......... 
B. C. Gilbert, Paul | Emmet and Che-| Acid phosphate .} Sand......... 
Schnelle, Chas. IES On 
Kinser. ties. Acid phosphate, | Sand......... 
sodium ni- 
trate. 
Acid phosphate, | Sand......... 
sodium ni- 
trate, potash. 
Cass County Farm .| Cassopolis...... te phosphate, | Sand......... 
ime. 
Acid phosphate, | Sand......... 
sodium ni- 
trate, lime. 
Acid phosphate, | Sand......... 
sodium ni- 
trate, potash- 
lime. 
Ne ee ee eS eee eee 
Manistee County | Manistee....... Acid phosphate .| Sand......... 
Farm. Be 


sodium ni- 
trate. 


Acid phosphate, | Sand......... 


sodium ni- 
trate, potash. 


Acid phosphate, | Sand......... 


Crops. 


Corn, oats.... 


Soybeans, rye, 


wheat. 


Oats, clover .. 


Corn, oats... . 


Oats, wheat .. 


Oats, clover, 


2 crops. 


Oats, clover, 


2 crops. 


Oats, wheat .. 


Soybeans, 


wheat, rye. 


Soybeans, 


rye, wheat. 


Soybeans, 


rye, wheat. 


Soybeans, 


Tye, wheat. 


Return 
per acre. 


rea lat 


22. 


-95 
-99 
.60 


94 


ete) 


.28 


.10 


-49 


ac(ik 


.44 


.50 
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TasLe 9.—Concluded. 


: : Return 
Farm of Location. Treatment. Soil. Crops. per acre. 
W. C. Kempster..... Coldwater...... Acid phosphate .| Silt loam..... Oats, wheat .. 26.34 
PS ba) Silt loam..... Oats, wheat .. 17.83 
F. McCartney...... IMIOnrie6 is -rie ei Acid phosphate .| Silt loam.....| Wheat....... 12235 
Acid phosphate, | Silt loam..... Wiheatry rarer 21.16 

sodium ni- 

* trate. pe 
| Acid phosphate, | Silt loam..... Wheat.225 0. 15.06 

sodium ni- 

trate, potash. 
Wie JeGutbriess--eee Mendonts sense: | Acid phosphate .| Silt loam..... iWiheati.-2 2046 28.42 
DD ee osk arstasiens Silt loam..... Wheat.........; 28.39 
SHlsitea os Nas 5 agen coe Vicksburg...... | Acid phosphate .| Silt loam..... Wiheati.)..x 2: 16.72 
24 trials). 2s aerewias = Commercial nitrogen (top dressing)..| Light soils....} Wheat....... 7.98 
SSL AIS Sei revere crc avaverc Commercial nitrogen (top dressing)..| Heavy soils...| Wheat....... —1.14 

*Gross. 


RESULTS FROM THE USE OF LIME. 


Tests conducted on the farm of John Wheeting in Lapeer county in 
all eases have shown excellent results from the use of lime. The soil 
is a rolling sand on sandy silt sub-soil typical of large areas in that 
section. The land has. been farmed a number of years. Lime at the 
rate of 2 tons per acre was applied in the spring of 1919 for corn. The 
increase in yield of this crop due to the lime was 19.86 bushels and 
920 pounds of stover. The following year oats were seeded on the same 
areas. The increase in yield of oats due to the lime was 29.33 bushels 
and 1,280 pounds of straw. After having deducted the cost of lime a 
return of $29.95 was derived from the first two crops of a four-year 
rotation. , 

On the same farm and the same soil type an application of lime on 
wheat land in the fall of 1919 gave an increase of 6.23 bushels of grain 
and 832 pounds of straw. The returns above the cost of lime amounted 
to $7.99 per acre. 

Lime is used profitably on the Cass county farm. Experiments to 
determine the value of lime were started in the spring of 1917 on the 
Cass county farm. The soil is a sand to sandy loam on a sub-soil of 
gravelly, silty nature. This land has been farmed for many years and 
four years previous to 1917 had been idle because it was too poor to 
produce profitable crops. An application of 6,300 pounds of lime per 
acre was made on a series of plots with corresponding plots untreated. 
A four-year rotation of soy beans for seed, rye, wheat and soy beans for 
green manure, has been followed. The average increase of the limed 
over the untreated plots is as follows: Soy beans, 1.14 bushels; rye, 
1.70 bushels; wheat, 6.5 bushels and 632 pounds of straw; and soy 
beans, 1,231 pounds of green weight. After deducting the cost of the 
lime from. the first three crops grown in the rotation there remains a 
balance of $9.60 per acré. On a similar treated series sweet clover was 
grown as a green manure crop instead of soy beans, the last crop of a 
four-year rotation. The average of the lime-treated over the unlimed 
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plots showed an increase of 4,450 pounds of green matter, the quantity 
of sweet clover produced on the untreated plots being negligible. 

On the above soil further work was carried on using different fineness 
of division of limestone and other forms of lime. A standard application 
of 4,000 pounds of the carbonate forms, limestone and marl, and an 
equivalent amount of lime in the hydrated form were used. A rotation 
of soy beans for seed, rye, wheat and sweet clover for green manure has 
been followed. Owing to a late spring application of lime and late 
seeding of soy beans the first year, the crop was very poor and the re- 
sults are not given. In table 10 are presented the results for the rye and 
wheat crops. 


Figurn 9.—This soil responds to complete fertilizers. No. 1, no treatment;} No. 2, lime; No. 3, 
lime, phosphoric acid and potash. Sweet clover, Cass County Farm. 


TasBLe 10 —Cass County lime experiments. 


Rye, 1918. Wheat, 1920. 

Grain— Grain— Straw— 

bushels. bushels. lbs. 
Hy crated slime! (N 1002R 200) «oasis ox ile eee eee 21.60 16.0 212 
Name CN LOOSE: 200) ee es eee Ao eerie ee ee 18.40 19.2 1,632 
SO-meshn (IN) 1002P2200) hey he Ralehs Seeve es orc eee Cee 21.28 16.0 1,568 
40-60=mesh (Ne 10022200) bees cee eee nice te eee ere 18.36 15 58 1,568 
1O=20=meshi(N:100-P::200)is2he ae seh sere ae ee ener 14.40 sa S743 ep 
Cheeks CN gl OOSP 200) cee et Sabra ce oars ee ee a 12.42 9.6 1120 
UNIO RULE ALINON bias ato, di /olor'e arslsin etoile eis er ee tee | 12.82 3.46 384 


The sweet clover although grown for green manure in the season of 
1921 showed little differences in growth where the soil was treated with 
marl, hydrated lime and 80-mesh limestone. The growth of sweet clover 
in 1920 was less as the coarseness of the limestone increased. 
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Lime has been used to less advantage in Emmet and Cheboygan coun- 
ties. Experiments conducted on sandy soils with light to medium 
heavy subsoils in Emmet and Cheboygan counties show, as an average 
of three fields where lime was applied at the rate of 2 tons to the acre, 
an increase of 1.9 bushels of rye but none in case of the straw. Lime did 
not affect the growth of the 1920 spring seeding of sweet clover and al- 
falfa on these projects. It is very doubtful if lime can be used economic- 
ally on these special types of soil. 

Experiments conducted on the Manistee county farm near Manistee 
and on the farm of Thomas Moore near Thompsonville, indicate that 
lime may be used with profit in this section. The soils are rather light 
sands on open sandy subsoils. In each case 2.5 tons of lime were applied 
in the fall of 1919. On the county farm the lime increased the yield of 


Fiaure 10.—Marl brings good results on the farm of S. A. Foster, near Okemos. 


rye 4.52 bushels per acre and resulted in an excellent stand of alfalfa 
that was seeded with the rye. Alfalfa. seeded on the untreated land 
was a failure. On the farm of Mr. Moore the limed plot yielded 7.99 
bushels more rye per acre than the unlimed portion of the field. In this 
case the increased yield of rye the first year of the rotation paid for the 
cost of the lime and left a profit of 73 cents per acre. 


BARNYARD MANURE. 


Experiments are being carried on to determine the value of barnyard 
manure. At the Van Buren county farm near Hartford 10 tons of 
manure were applied in the spring of 1917. The soil in question is a 
poor sandy loam. The manure increased the yield of the oat crop 14.6 
bushels of grain and 284 pounds of straw. Clover showed a slight gain 
of 44 pounds per acre. From the two crops the gross returns amount 
to $10.41 per acre. 

Other experiments on the farm of John Wheeting near Imlay City 
are in progress. The soil is a sand underlaid by a sand silt subsoil 
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not very retentive of water. The yield from the first two crops of a 
4-year rotation is given in table 11. 


TasBuie 11.—Value of manure on Wheeting Farm. 


Corn. Oats. 
Grain— Stover— Grain— Straw— 
Bu. Lbs. Bu. Lbs. 
Manune; AsCOnMS a: cr cccace, eae Ciera. sree 42.85 2,860 54.72 2,280 
NO RELCAtM EM erm scram cere ete aeeretens em © 35.28 2,800 29.20 960 


The gross returns from the manure amounted to $30.05 per acre. 

A similar test conducted on the farm of Paul Schnelle near Clarion, 
Emmet county, gave excellent returns in 1920. Hight tons of manure 
were applied to a hardwood sand which was later seeded to rye. The 
increase in yield of rye on the manured plot over the unmanured plot 
amounted to $18.63 gross per acre the first of a four-year rotation. 


TOP DRESSING WHEAT LAND WITH COMMERCIAL NITROGEN. 


The value of top dressing wheat with commercial nitrogen has been 
investigated for two years. The applications were made as early in the 
spring as the land was in suitable condition for it. Two divisions of 
soils have been worked on, namely, sands and light sandy loams; and 
heavy sandy loams and heavier types. All of these lie in the southern 
half of the lower peninsula. The materials used for top dressing were 
sodium nitrate and ammonium sulphate. The application consisted of 
9.18 pounds of nitrogen per acre or 60 pounds of sodium nitrate and 
41.8 pounds of ammonium sulfate. Twenty-four trials have been made 
on the light types of soil. An average increase of 5.34 bushels over the 
untreated was obtained where nitrogen was applied. After having de- 
ducted the cost of the commercial nitrogen in the form of nitrate of 
soda the net returns were $7.98 per acre. 

Twenty-eight trials have been made on the heavy types of soil. An 
average of all tests on the heavy soils shows an increase of .78 bushels 
per acre. After having considered the cost of the nitrogen a loss. of 
$1.14 per acre resulted. The detailed report of these tests is given 
in the February issue of the 1921 Experiment Station Quarterly. 


TESTS WITH ROCK PHOSPHATE—HEAVY SOILS. 


Three trials have been made using rock phosphate alone and in com- 
bination with other fertilizing materials. Where used alone at the rate 
of 2,000 pounds per acre on the farm of W. C. Kempster at Coldwater 
excellent results have been obtained. The soil is a heavy silt loam on 
a tight subsoil. Two crops, oats and wheat, of a four-year rotation have 
been harvested and after having deducted the cost of the rock phosphate 
returns amounting to $23.88 per acre have been derived. 

Experiments have been conducted over a three-year period on the 
Van Buren county farm near Hartford, the soil of which is a heavy 
sandy loam. In these tests 2,000 pounds of rock phosphate per acre 
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in combination with nitrogen and potash have been used. From one 
crop of oats and two crops of clover $6.64 per acre have been obtained, 
that is above the cost of the phosphate. On the same field rock phos- 
phate has been used at the rate of 1,000 pounds per acre in conjunction 
with 10 tons of barnyard manure. . After having deducted the cost of 
the phosphate returns of $14.79 per acre have derived from one oat crop 
and two clover crops. 

The use of rock phosphate at the rate of 2,000 pounds in conjunction 
with marl the first two years of a four-year rotation has shown a net 
loss of $22.35 per acre on the farm of Jas. Richards near Eau Claire. 
The soil is a silt loam with a tight subsoil. 


LIGHTER TYPES OF SOIL. 


Rock phosphate where used on the lighter types of soil has not been 
as promising in the early stages of the tests as it has when used on 
heavy land. 

Applications of 2,000 pounds of rock phosphate with 3 tons of lime 
per acre were made on the Cass county farm near Cassopolis. At the 
end of a four-year rotation of soy beans for seed, rye, wheat and soy 
beans for green manure, a loss of 84 cents per acre was obtained. 

Experiments carried on with sandy soil in Kmmet and Cheboygan 
counties where 2,000 pounds of rock phosphate have been used alone, 
show an average loss of $12.94 per acre on the first crop of a four-year 
rotation. 

Applications of rock phosphate to a portion of an outwash sand plain, 
belonging to E. D. Fairchilds, resulted in a loss of $18.78 per acre from 
two crops, corn and rye, of a four-year rotation. 


TESTS WITH ACID PHOSPHATE. 


The results obtained from experiments with the use of acid phosphate 
alone and together with combinations of lime, nitrogen and potash vary 
considerably on heavy and light soils. 


LIGHT SOILS, SAND TO LIGHT SANDY LOAMS. 


Experiments are being conducted on sandy soils in Emmet and Che- 
boygan counties. The soil types are hardwood sands with light to 
medium heavy subsoils. Acid phosphate was applied at the rate of 
250 pounds per acre on three separate areas. The average increase of 
rye for the first year shows 3.73 bushels of grain and 173 pounds of straw 
over adjacent unphosphated lands. For the first year this gives returns 
of $2.28 per acre after deducting the cost of the acid phosphate. On 
the same lands a combination of 250 pounds of acid phosphate and 
sodium nitrate (100 pounds per acre) was used on rye. The treated 
plots yielded an increase of 13.82 bushels of grain and 219 pounds of 
straw, or when the cost of both sodium nitrate and acid phosphate are 
considered, returns of $13.10 per acre. On the same lands combinations 
of 250 pounds of acid phosphate, 100 pounds of sodium nitrate and 100 
pounds of muriate of potash were used. The combination of the three 
materials gave an increase of 11.67 bushels of grain and 823 pounds of 
straw per acre. The returns from the first crop above the cost of ma- 
terials amounted to $3.49 per acre. Under the conditions of land in this 
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district it seems from our present knowledge that combinations of acid 
phosphate and sodium nitrate will give the most profitable returns. 


Figure 11.—Acid phosphate twhere ‘needed improves the quality of grain. On the right, grain grown 
on phosphated land; on the left, none. W. J. Guthrie Farm, Mendon. 


The results obtained in Cass county are striking. Experiments were 
inaugurated in 1917 on the Cass county field spoken of previously. Acid 
phosphate was applied twice during a four-year rotation on land limed 
at the rate of 3.15 tons per acre. A four-year rotation of soybeans for 
seed, rye, wheat and soybeans for green manure was followed with the 
following increase in yields: Soybeans, .02 bushels; rye, 2.10 bushels; 
wheat, 1.93 bushels and 450 pounds of green weight in soybeans. The 
profit above the cost of material amounted to 71 cents per acre.. Where 
acid phosphate was combined with sodium nitrate (100 pounds per acre 
each year) on the same soil and the same rotation it gave the following 
increases in yield over limed check plots: soybeans, .77 bushel; rye, 
4.09 bushels; wheat, 10.67 bushels, green weight of soybeans 680 pounds 
or returns of $11.44 per acre after deducting costs of materials. When 
acid phosphate was used in connection with sodium nitrate (100 pounds 
per acre per rotation) and 100 pounds of muriate of potash per four- 
year rotation the increase over the lime-treated check amounted to the 
following: Soybeans, 1.07 bushels; rye, 1042 bushels; wheat, 14.94 
bushels and green weight of soybeans 680 pounds or a profit after de- 
ducting the cost of material of $22.20 per acre. 

Similar tests are being conducted on two poor sandy soils in Manistee 
county. Acid phosphate when used alone at the rate of 250 pounds per 
acre has increased the average yield of rye on the two fields, 9.22 bushels 
and 620 pounds of straw. Although this is only the first crop of a four- 
year rotation after deducting the cost of the materials a profit of $13.83 
per acre remains. On the same soil acid phosphate in combination with 
sodium nitrate (100 pounds per acre per year) gave an average increase 
of rye over an untreated plot of 12.28 bushels of grain and 612 pounds 
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of straw or a profit of $12.36 per acre above the cost of the fertilizing 
materials. When acid phosphate was used in combination with sodium 
nitrate (100 lbs. per acre) and potash as the muriate, at the rate of 
100 pounds per acre per rotation an average increase of 11.97 bushels 
of grain and 964 pounds of straw resulted. After deducting the cost of 
materials a return of $4.50 was obtained. 


Figure 12—Complete fertilizers are profitable on the farm of M. A. Sowerby, Irving. No. 1, acid 
phosphate; No. 2, acid phosphate and nitrate of_soda; No. 3, the same as No. 2, plus potash. 


HEAVY SANDY LOAMS, SILT LOAMS. 


Acid phosphate when used alone on heavy types of soil with rather 
impervious subsoils has given good returns. 

Fertilizer tests are being conducted on the farm of W. C. Kempster 
near Coldwater. This soil is a heavy silt loam on a rather heavy clay 
subsoil. Acid phosphate was applied at the rate of 200 pounds per 
acre. The increase in yield of oats and wheat, the first two crops of 
the rotation is as follows: Oats, 5.15 bushels of grain, straw 788 pounds, 
and wheat 10.15 bushels of grain and 750 pounds of straw. After de- 
ducting the cost of the material a profit of $26.34 per acre remains. 
On the same soil an application of 266 pounds per acre of a 2-12-2 com- 
mercial fertilizer, which adds the same amount of phosphoric acid per acre 
as the acid phosphate, the increase in grain due to this fertilizer amounted 
to 12 bushels of oats, 656 pounds of straw, 4.93 bushels of wheat and 
630 pounds of straw. The profits above the cost of the fertlizer amounted 
to $17.88 per acre. 

Similar work is being carried on on the farm of Mr. McCartney near 
Morrice. The soil is composed of a typical silt loam on a clay subsoil 
which has been farmed for a long period of years. An application of 
acid phosphate at the rate of 250 pounds per acre resulted in an increase ~ 
of 8.68 bushels of wheat per acre or a return of $12.35 per acre above 
the cost of the fertilizer. On this same field 250 pounds of acid phos- 
phate and sodium nitrate (100 pounds per acre) gave an increase of 
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Ficure 13.—250 pounds of a 2—-12—2 increased the yield of wheat 16.7 bushels per acre. W. J. 
Guthrie’s Farm, Mendon. 


14.83 bushels of wheat per acre or a return of $21.16 when the cost of 
the materials is deducted. On an adjacent plot acid phosphate, sodium 
nitrate and muriate of potash (100 pounds per acre) were applied. They 
increased the yield of wheat 16.18 bushels over an adjacent untreated 
part of the field. The profits amounted to $15.06. 

Acid phosphate was applied at the rate of 250 pounds per acre to a 
silt loam on a tight subsoil belonging to W.’J. Guthrie near Mendon. 
The increase in wheat due to the fertilizer amounted to 16.21 bushels 
per acre. The value of the increase amounted to $28.42 after the cost 
of the phosphate was deducted. A 2-12-2 fertilizer was applied to an 
adjacent plot at the rate of 250 pounds per acre and resulted in an 
increase of 16.73 bushels of wheat per acre which gave a return of $28.39 
above the cost of the material. 

An application of 200 pounds per acre of acid phosphate on the farm 
of S. Simpson near Vicksburg, whose soil is a silt loam on a tight sub- 
soil, gave an increase in yield of 9.96 bushels of wheat, the profit amount- 
ing to $16.72 per acre. 
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Ficure 14.—Simpson Farm. Acid phosphate and no treatment. 


FERTILITY REMOVAL AND FARM PROFITS. 


It is highly desirable for a farmer to know what it costs him to pro- 
duce his various crops. This cost is complicated by many conditions 
one of which is the removal of plant-food elements from the soil. The 
question that has been asked us is—‘What constitutes a reasonable 
charge for this loss of fertility?” In replying to this question it must 
be borne in mind that few if any soils contain the various plant food 
elements in the same proportion in which they occur in crops. That 
is to say a soil may contain a sufficient amount of one element to pro- 
duce several hundred or possibly a thousand maximum crops. An 
addition of this element may not markedly increase the yield and its 
use except in small amounts to increase the readily available supply 
may not be good agricultural practice. It does not appear to be logical 
to take into account the removal of elements which are present in abund- 
ance, and which when applied do not increase the yield. Later if the 
supply of such becomes so depleted that their application to the soil 
increases the yield it will then be proper to add their cost to the other 
items. On the other hand there may be so little of a certain element 
or elements that an application of it or them to the soil in the form of 
commercial fertilizers materially increases the yield. It is good busi- 
ness practice to supply the deficient element or elements if it can be’ 
done profitably. 

Potash is present in relative abundance in most of our soils. Many 
muck and peat deposits are so deficient in it that they soon require its 
addition in some form in order to produce satisfactory yields as well 
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as suitable quality of crops. If it is necessary to apply this material to 
the mineral soils to increase the available supply the amount required 
should be considered in estimating the returns from the land. 

Chemical analyses and field experiments have shown that most Michi- 
gan soils are deficient in and respond to applications of phosphoric 
acid. The cost of such applications therefore may reasonably be in- 
cluded in calculating the returns. This may be simplified by charging 
the cost of a 400-pound application of 16% acid phosphate per acre 
every four years. This amount is sufficient to produce approximately 
25 bushels of wheat, 40 bushels of corn, 50 bushels of oats and 2 tons 
of clover not including the straw and stover. The majority of our soils 
also need approximately two tons of ground limestone every six years 
and the cost of this should be spread over the various crops as shown 
later. 

Nitrogen is present in such quantities that the supply must be main- 
tained and in many soils increased in order to give the most economical 
yields. The farmer is warranted therefore in adding the cost of replac- 
ing this nitrogen by means of legumes to the price of his products. If 
conditions are such however that nitrogen must be applied in the com- 
mercial form the cost of adding this to the soil should be included. 

This raises the question of the cost of production of a pound of nitro- 
gen on the farm. The cost of production of a pound of nitrogen by 
means of leguminous crops in a rotation is difficult to determine. It 
should be conceded that much of the benefits derived from the use of 
lime is due to its effect on the legumes such as clovers and alfalfa. It 
seems fair to charge two-thirds the cost of the lime to these crops and 
‘also the phosphate that should be added to the soil for their benefit. 
If two tons of lime are applied per acre and endure six years and a four- 
year rotation is followed and two seedings of clover, vetch or soy beans 
are obtained and one hundred pounds of acid phosphate are added to 
each seeding the cost of nitrogen runs from five to eight cents a pound. 
If no lime is added to the land naturally the cost is less or from two to 
four cents. Alfalfa is the cheapest source of nitrogen. On the same 
basis as in the first case above, nitrogen may be produced for less than 
one-half what it costs when obtained by means of other legumes. If the 
crop stands four years instead of six the cost is slightly higher. 


EXPERIMENT STATION BULLETINS. 369 


APPENDIX. 


The balance of plant-food elements on farms differently managed has 
been worked out in detail but owing to the size and complexity of the 
tables it seemed advisable to submit them as an appendix rather than 
earlier in the publication. 

In making these calculations information gained by Dr. H. G. Armsby 
in his digestion experiments was made use of. For the composition of 
the various farm crops the tables published by Dr. L. Van Slyke and 
Dr. C. G. Hopkins were utilized. Information concerning the number 
of stock found on the types of farms considered and the amounts of 
feed of various kinds consumed was obtained from members of the 
Animal Husbandry and Dairy Sections. We desire to express our ap- 
preciation of this co-operation. 
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Crops produced. 


Plant-food elements in produce. 


100 ACRE GRAIN FARM, CARRYING 


Consumed by stock. 


: Phos- 
Nitrogen, Ebosp ere Potash, eee Nitrogen, phoric Potash, 
pounds. : pounds pounds. acid, pounds. 
pounds. pounds. 
Hay. OVAL-20 weer *800.0 201.5 720.0 UP Sys We 500 125.95 450.0 
Corn, 15 acres: 

Grain, 600 bu...... 556.8 219.87 13220 45 bu 41.76 16.49 9.9 

Stover; 1831 Wo. 2 3. 362.0 110.53 505.4 Sh bee ees Be 60.0 18.31 83.77 
Oats, 20 acres: 

Grain s200%buloc an 768.0 318.81 230.4 UIST Lois 5 392.32 162.81 aa We 74) 

Straw ps0. cae. 384.0 120.93 748.8 Fed., 5 T. 64.0 20.16 124.8 

Bed bib Dsl esetore siv-ceeiee |e 2 a cra slaka tereteeecekeehe 
Total consumed by | 

SCO erecta east aell erisus: atacand | Ctr ace eo Bis. © cil & SrchoVe re out onel Otek mice chee 1,058.08 | 343.72 786.17 
Wheat, 25 acres: 

Grain, 625 bus... -. 750.0 320.00 DQ UOM yd a lees cls eis: 5 0) levee ores Sob | yetetes oeceiteuen| Ge eraer eee 

LTA Wapodednemireter ce 310.0 94.24 SUL Oee |e she eer se Liles avalicl eteds [oi] Ietost ne toce. ci thetate Renee 
Beans, 15 acres: , 

Grain, 300)bul.... .. 720.0 219.87 ZOE QE! a icc-d. ol ecetous: oi liadevote elerere vscte ure S¥ake sche welll hese erences 

Strawless pee 312.0 71.46 A5GLOOR| as hte een lneeree tore eel eee dia (erste Scehecsta remene 
Potatoes, 5 acres: 

FOU Soysenooes 210. 90.0 BOO MOM INhevevei's,  estne s 41] crey rexaneeslekeca lho nen Glenens Ou oeee cae Nenana 
Pasture, 10 acres..... 572% 160.32 ALT 2.59 || oc tiote lebeese) 572.7 160.32 477.25 
Total removed from 

BOF eee cis Ween eos 4,945.5 W927.53) || 45 S25 US ial hanes desietevace)| teraceterancsate ere | koscnreetceen lteoeenoe eae 


*Taken from the air. 


EXPERIMENT STATION BULLETINS. 371 
2 COWS, 14 HOGS, 5 HORSES. 
Sold from farm. Returned to soil. 
. Phosphoric P Phosphoric 
Nitrogen, : Potash, Nitrogen, - Potash, 
Produce. pounds. ane: pounds, | Produce. | pounds. 5 ae pounds. 
7G) Nereees ven acca 300.00 (5250 7A O)a( 0 aaullle: eer re a Oe (ey Gin ee eR eS Ee elena neil Kate rat surssict cic 
DOOs Meise ace lene 515.04 203.38 PODS Te Wels cme rsdad ars, slleksi euarrctametes: ll ad ava: aed, aie certaa4[le aie ta neers 
5:5 nic. BA SOE NED Aca La maeionbee-Shcitacr| lec eeeieariemen ho act] encaisec ears er ce ede 302.0 92.21 421.62 
DSM ara cyarsrslsrecs 375.68 156.00 UL AEA OPI keryy aoe renee lth teneeaaet ane cys, crest oles ell eae mega 
TG EGS DEN ree eee 249.6 78.61 ASG re dich Nepeteccts oleyd aris! fala a0 ecu absnrs «| |fstars roaa a) vole coll syns teyaton eee 
2 HC OCOD OE CIOL CRORE: ee | aioe Gig Bata Ser lenin cao ttc Ese reetero hic ial io Becrerosenn ote 70.4 PPS ANZ) 137.28 
G25qDUi cis seve x 750.0 320.0 PSOR OW t Recreate. ci lestas set Mealy eieteeate othe e lok emetenene ctemeuatte 
2d Ged Wee Cea 310.0 94.24 C1 Ue Oe eee ieee Oty oil SOROS alloca oh ant 
SOOMDUE cre ceelee cre 720.0 219.87 DEAE DS Wee neat hes stoke [lees abet atane ve || Aor oh shnv ens copnetl| accusvoncteg hPa 
Oi oad rN AON SRS Ee HOD aC ONCRCRE CES] CREO He SI CIC ica! [eee mee a or 9 MOA te eee 312 71.46 456.00 
TR OOON Se ror yeciers 210.0 90.0 SOOSOP etc otic cl one ably ove =\|leve oo cne acetal © [faroye eaetcaeetencs 
BPR Tare eu ete y ore coh sic oy ls alekchen rete eucive tarence eu shee vas oe ol oie area brcaers aol ay asleety aieutay anal tar wade exe cries alls) a Se aatante al Stioneh'6 Pee oath 
WO tars: fare tes oc See siDesey | SERB y eas Total 684.4 185.84 1,014.90 


| 2,046.80 
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GENERALZFARM, CARRYING 6 COWS, 


Plant-food elements in produce. 


Consumed by stock. 


Crops produced. | : Phos- 
Nitrogen, Phespaore Potash, Produce Nitrogen, | phoric | Potash, 
pounds. as pounds. ; pounds. acid, pounds. 
Dp . pounds. 
Hay, 10 acres-20T....} *800.0 201.5 720.0 UE el ee | 680.0 171.28 612.0 
Corn, 15 acres: 

Grain, 600) bu. 2... <- 556.8 219.87 132.0 287 bu... 266.34 | 105.17 63.14 

Stover) 18.1 sec. 362.0 110.53 505.4 a eS a ee 226.0 69.0 315.49 
Oats, 15 acres: 

Grain, 900 bu...... 576.0 239.11 172.8 800 bu 512.0 212.54 153.6 

Diraweyee2.p a eee 288.0 90.70 561.6 ! Fed.,8 T LOZ.4. |; 132724 199.68 

Ae {co Bete Yad WER A Smet ee TS A hoe meer ies licheaet cs iS Bc 
Total consumed by 

StOCkeeee a er piel elesoieife|\oslecehelnt cl stesane||/eeiehe = nee) -N4l ha forotsim ieyster|| lesnife) otmsioisifah= 1,786.74 | 590.23 {1,343.91 
Barley, 10 acres: | 

Grain, 340 bu... ..- 285.6 124.6 RS UH Y o,'|\0: Sie ser cost areuel ieee fee i Redenene dane teyons tetera eestor Peete 

Straws ae. ke 13220 43.51 AAD RIC y es| 's x rw a sovalroe eared: shee ok rope cereteal lan ohana Renee eee ee 
Wheat, 15 acres: 

Grain, 315) DUL seins. 450.0 192.00 OBO yes ss = 5 deel a eysvensiorecs: cleat iat Am oreac eal teleteeeeeeee 

Siraw oS 6.0 sn se | 186.0 56.54 TEAM ied | tee tet [ets Bae a LE iy re EA EA Eis a 
Beans, 15 acres: 

Grain, 300 bu...... 720.0 218.87 DEAS Wikis wa tere tore ls severe ats welts etl cavel when Aon | Sate te eho 

Strawadoun een 2 312.0 71.46 sr A/a | Sa ae ee loca a Tae ne All aN or Gr 
he ete 
Patatoes, 5 acres: 

IETOTC Ose tae 3 ak Se 210.0 90.0 SOO SOM ea cctaltove vaxate te |S vena vorsvove ees lenses hteroceil| Pree toners 
Pasture, 15 acres..... 859.05 240.48 WAL SSS isl he: hae, cas. etehe 859.05 | 240.48 | 715.88 
Total removed from 

SOW seen cee (937245 “| 1, SOO UT BCAA RA SUG Me ao. eicieiter = aell lo Merete cotieretel  lacovs ter loletas | tae olokererane 


* Taken from the air. 


EXPERIMENT STATION BULLETINS. 373 
14 HOGS, 4 CATTLE, 5 HORSES. 
’ Sold from farm. Returned to soil. 
‘ Phosphoric : Phosphoric 

Nitrogen, 5 Potash, Nitrogen, : Potash, 

Produce. pounds. eae. pounds. Produce. pounds. sands pounds. 
eee AAU e ices evra vakel ors 120.0 30.22 LOSE OM earn eels erie cees cheb: oll fe.'s cance sis eel epee eee 
Po WEL eye rsiars eves 290.46 114.70 GBi Se Riders cecever etl conees pes ones shallows, ooGevy tee cal ecole pope ate 
MPN ARAN Ce oro taticuctieys 5= teil oucrawenadepemevere. terete.» ae okouatakel| bcavars nokeereeha 6.8 T 136.0 41.52 190.15 
MO OW. Ass aye cee 64.0 26.56 NOD sl Evsbete crete teterellleeercio: cls celte ets leva sver'st oy Were: s'leteaaieceeneiey te 
(1)55.4 bee ee ee 83.2 26.20 MG QD Aiea ES ere are, oral hee cine tas cuted lPeyiabaticre: lavas cra vail iat esl mee areas 
See D cme e asain poh nies eicaine lle ieee errentotsiteite il (etsyroy oy acer cliste kel Pei ate ia an ates Sabierae ote 102.4 32.24 199.68 
SAOVOW Secreto 285.6 124.6 Opec Oe a. |erlecbedahe martstrenies te asvae stxededetiaveil le duane lore serge lic rave loves Conenene 
TUT Se Pa Aa 8 132.0 43.51 DPC) CMPD cas ee Fence er Iai coh aks cares at oh pak as rete aires [orerbe woe aes 
| : pes 
DONO eee vices Ae 450.0 | 192.0 SOM Oia |i, srctes te Relate oral lhece love. aratacterete [lene torch steven eucuie'[baysueieugheeboeercs 
US UG ola arr keresst ete ot 186.0 56.54 DEAD eal evans Ako toperse ial] ie: Ss egahanste re kv lNe Para, wae ell ore creator cue 
SU OMENS erarereravanere 720.0 219.87 AE SZ SE Me MPa ae Soerel anos Aisne dee ccs | teach ce sree eet lL acetetare austere 

PRR fc romeya lense eesiere | (eu spareteve spRMa ail ok aveicclores ceil & oe eiciarctes« 1 Be naieee 312.0 71.46 456.0 
FOUOWD Ue eae 210.0 90.0 SOOE ON ae Portetecotamillc Mee otal ced tial este abegatar orci aillaredecpersualcore ae 
ORO tale errs 2,541.26 924.20 | 1,528.78 Total 550.4 145.22 845.83 
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Plant-food elements in produce. 


DAIRY FARM, 20 COWS, 5 


Consumed by stock. 


Crops produced. f Phos- 
Nitrogen, Bue pone Potash, Drotives Nitrogen, phorie 
pounds. H pounds. ; pounds. acid, 
pounds. ‘ pounds. 
Haye OPAC2O erect *800.0 201.5 720.0 20M Ae 800.0 201.5 
Corn, 10 acres: 
Grain, 400 bu...... 371.2 146.56 88.0 250 bu 232.0 91.6 
LOVER Lar see aiee 240.0 73.28 336.0 Tay Ae 150.0 45.8 
Corn, 10 acres: 
Silage, 100-T....... 680.0 229.00 880.0 TOOMME Res 680.0 229.0 
Oats, 20 acres: 
Grain, 1,200 bu. ,.. 768.0 318.77 230.4 800 bu... 512.0 212.51 
DUTAW OOM oeneisyens 384.0 120.91 748.8 Fed.,6.5 T. 83.2 26.1 
Bedil7-5 Un Re seks ae alee nee 
Barley, 10 acres: 
Grain, 340 bu...... 285.6 124.57 81.6 340 bu 285.6 124.57 
Straw wll ieee sen ac 132.0 43.51 DADO. «|| ese sates eyate sail eve srexoususcetions |obeRehecetornre 
Beans, 10 acres: 
Grainy 200 buss see: 480.0 146.56 BLES eA Dae, ove cos ete ell atten erere revere | reexereseiel 
SULTAWar Sve cierenere rave 208.0 47.63 SOAS OOS Reavs eiscase-o.oe Wine eo metocee clots 
Purchased bran: 
ELS Soe ro eycatra, Gate 8s foil oral tuetel aeuattece| | tele ote suena lalell hemeeevornmters a (ey 397.5 439.74 
Total consumed by 
SEO eave Secor ces fate ge|[taiee avant tore citel|| sre se henarte SNe ane | Meee Nee LeMeNoneG Ieee’ woke, apep eee 3,140.3 /|1,370.82 
Pasture; SOVAS aac .cs: il sraleysil 480.9 SAIL de) il cea iedeketecatege,|ateieaa a hotareaval|| seve ace Goes 
Total removed from 
SOM coe tecstecs eee 5,266.9 TOSS ON PAL Se CAM isc oie escolar mie chert | keener rekors 


*Taken from the air. 


Potash, 
pounds. 


re 


EXPERIMENT STATION BULLETINS. 375 
HORSES, 10 CATTLE, 20 HOGS. 
Sold from farm. Returned to soil. 
- Phosphoric P Phosphoric 
Nitrogen, 5 Potash, Nitrogen, - Potash, 
Produce. pounds. de pounds, | Produce. | “jounds. poneda pounds. 
TOW Mere etre ct 139.2 54.96 es eo lfometadetete ete cuess jcilecaray spe a trata lteiavaraiel fic’ beucilta eserereaetmmenede 
et etabel ale) syaia: afelsareheta)| (alieventesotetersene | fe lee veusils isiaverie i\’sreusiey sredarenere 4.5 T 90.0 27.48 126.0 
AOOUDUF Aacaee cele 256.0 106.25 Gig Se | |\e rarckattensystreyla%e) | latev ex'sitay srcouienetss | 'al'= "abellp ey sy'evelcch {leva e'ctepaleparare 
LS Nea Gian 76.8 24.18 1170) (Gil sors coset Ary rricaed | OPO POL ERS aR Chee an CEO CUPL ERO ICL Nera hicmEartny ces ic sc 
pete te tata ecXetareVe tale ce|| lepeieltstbie tetctis’ oi|toto ie siekeuatsirer oll @celalevese eetee lire nts) Ae 224.0 70.62 436.8 
TOO a 12340 Nie | EMER RITM AMON lie ieee Nn ear care Merce Ce || a0 She 
ZOOM etry 480.0 146.56 U5 Gye era SRG Cho) lot Ge AIA te Cl orth Soro bial Oigocreecc Scie 
TORSO DD OEIC DS Sel [Ciclo cen oslo Gen toc Ch Cre Ico ee ea Sil ess 208.0 47.63 304.0 
ARO Las onsen 1,084.0 aioe 657.75 Total. . 522.0 145.73 866.8 
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PLANT FOOD BALANCE ON A 100-ACRE GENERAL FARM GROWING 25 ACRES 


Crops produced. 


Plant-food elements in produce. 


Consumed by stock. ° 


i Phos- 
Rioee Eupepreric ota Prodnen Nitrogen, Den Potaalis 
pounds. i pounds pounds. acid, pounds. 
pounds pounds 

Clover hay, 25 A-50 T.|*2,000.0 DOSss7D. | 1800200) | piv Toe 680.00 | 171.28 612.00 
Corn, 10 acres: 

Grain, 400 bu...... Silene 146.58 88.00 | 287 bu... 266.34 | 105.17 63.14 

Stover, 12.33 T.... 242.0 73.68 setae Ol) Tee We eo 221.82 67.51 308 .94 
Oats, 15 acres: 800 bu... 512.00 | 212.54 153.60 

Grain, 900 bu...... 576.0 239.11 172.80 | Fed., 8 T. 102.40 32.24 199,68 

Dilawe 2e-o0. ey. 288.0 90.70 561360" |4Bed, SPsitson. aacodllosin cok eee 
Wheat, 17 acres: 

Grain, 425° DuL..22. 510.0 217.60 OZ OO old ec5 eS aie all siete erate cuaseretaye tel Noreen 

DULAWe eal Me set a: 210.8 64.05 DOD LS iinrs jars ose 0 wel ayu olohie eenet oil late eka vale oralll er sa otenee 
Potatoes, 3 acres: 

GOOMDGseeR en. oes es 126. 57.00 TS Os OO! | c.45.55, 5, cell eeteeetencrctcta si arenes eteere | ela eee ere 
Beans, 7 acres, 140 bu. | 336.0 102.60 TOO SE Wisin cd, sucvsieteya | rapa oupteve Bales ll ose poperenseell aero tebenedens 

Straw, O.OwL- see .e2 145.6 32.32 ZE2Z BO VS SASS Shy follies etalon okees tall oe ene, cite eee ee 
Barley, 8 acres: 

Grainy 272 bu... - 228.48 99.68 GOD Mick dies Sic real] ererone ove eyevoreil stetevenenes anon etic aero 

SLTaw; 8.8 Desc. cs 105.6 34.08 EO SPOON fens asec 3:0 o7eil cere erehe ole c aectonetetet ree oer 
Pasture, 15 acres.....)| 859.05 240.48 WAPRS Sal aksretee ucraiee 859.05 | 240.48 715.88 
POLAR as hador kts. 3,998.73 | 1,901.63 | 4,790.26 


Sobasacore 2,641.61 } 829.22 2,053.24 
| 


EXPERIMENT STATION BULLETINS. 


Sold from farm.. 


317 

OF CLOVER AND CARRYING 6 COWS, 4 CATTLE, 14 HOGS AND 5 HORSES. 

Returned to farm. 
| 
. Phosphoric F Phosphoric 
Nitrogen, fs Potash, Nitrogen, a Potash, 
Produce. pounds. ae pounds. | Produce. | “pounds. eoiae pounds. 

eget nes Ata 1,320.00 SO SAE Bele Soe OU areanerse erecta a creosote te [ke ste: eae sit cgciftatates weakens 
LUST ee ae 104.86 41.41 DA SG le acreterreyete oo fleets en das hor eil 0! tai ohsae cours | as seem Mee 
SEN Seto neh cre ora) ehcnarce ote ousieies Nat © attacay.e, clare (oi [ ean a aie eiaiewre Os a. | 20.22 6.15 28.16 
HQOKN =o oases 64.00 26.56 BOZO ara setae ers lis ints Ausisunn aie |e e & Sletaloree! [lan ots tara ae 
eras ena stone verge ke am 83.20 26.19 GDS ArE ENE eee cent Tarte rape fal cheval al oa stadt ne fe cin connects 
Hace Cab oe Aa ESS 4) SS ABCs aie (emcee ration acrckate tec bated eer sae 102.40 32.24 199.68 
ZIBAT OY Ole teete Peete 510.00 217.60 MOP OOD | Sherer rears ales: eves avers wher <! [oes sca ee al] lobe ererareseis ae 
leer as coors ase 210.80 64.05 DS PIA i ER eet Ee IDEaanbsdcc| oooh croc dloaooecnor 
GOO MUS es xsch Jans 126.00 57.00 LSS OPA reper che terre oiel| fsiec ere acts ce ce [levels a evsreusie =i] ner tere tahoe 
F400 DU esa es ohacs 336.00 102.60 LOO AoE heuer nays leh cova etete atari souc teiae a atete | aresbinkel soars 
nic OSES Aen ae Ie oe Ol ae oe Griese ane 145.60 32.32 212.80 
PATACON 0 aes 2 ae 228.48 99.68 GO OZ Se Arienees oichs, 2 lecave a abes s lotta Ne ean eam reguse-e}-ei| Panaueyele ane velar 
iste) dh A Ae a ee eee 105.60 34.08 TGSAGO) |e heme ctor syalereca eters Srerehe lie toeotaterevatene lem icteneeniote 
Set ER SSE tes 3,088.94 | 1,001.61 | 2,296.54 268 .22 70.71 440.64 
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PLANT FOOD BALANCE ON A 100-ACRE SANDY FARM WITH A SHORT BOT Te 
5 


Plant-food elements in produce. 


Crops produced. 


: Phos- 
Nitrogen, Ehospioric Potash, | produce, | Nitrogen, | phoric 
pounds. ernie pounds. : pounds. acid, 
Dp : pounds. 
Clover hay,25 A-37.5,T)}*1,500.00 S128) || Le s5O0sO0N | 20ra cao 820.00 | 206.53 
Soybeans, 5 acres: 

Grain, 60)bUreeee. 190.80 64.80 D2 OO [eee loue, eis 6 retell teeta tags ees eal ligve ts Sraeete 
RODS noe evar oe 90.00 30.00 GOP OO) ic cree betes ctl ee oe Segoe eee se ene 
Corn, 13 acres: 

Grain, 390 bu...... 361.92 142.91 85.80 | 390 bu 361292 | 142-91 

Stover wu (eL aca oe 234.00 71.44 326.66" eluegads 234.00 71.44 
Barley, 9 acres: 

Grain; 225 bu. 3... 189.00 82.46 54.00 | 225 bu 189.00 82.46 

SHEE Vie) IVa Semen 90.00 29.66 L652 00! ices Se eee le eee lave ee eeatell| a toreceregele 
Beans, 5 acres: 

Grain, oils s sae 180.00 54.96 BS: SGW en ze Nokes creel ke eveneeene pal ever ereranes 

Straw, Sitons:..3... 78.00 17.86 TA SOO) | See one 78.00 17.86 
Rye, 20 acres: 

Grain, 400 bu...... 382.00 196.00 DBA SOO! |e lsieyevoteye ste alec tenes lovee ts fall tertotocereleveds 

Straw Olen. sere 200.00 120.00 SLONOO Nee Ss Pore eae ee eral ererrare A ie 

Bed 5/80 Dak ack os cera loeeeaeterete 
| 
Potatoes, 3 acres: | 

4250 IDU asset smere miei 94.50 40.50 UB SCOOM Brasco caret | Sresdiwhe reve woreillerenoteathe ete 
Pasture, 20 acres..... 859.05 240.48 MMU DGSSe sks where peso take 859.05 | 240.48 
Bought 250i Dus Oats ss lls srecsecis we esol Gees aa coRaeeel| ee ere Toker oie ras 250 bu 160.00 66.40 

MOGALSR cect. cerexn ane 2949°27 | 17468588 13,625.90 Ihe. s ee | 2,701.97 | 828.08 


Consumed by stock. 


Potash, 
pounds. 


eet et ee 
eee ewes 
see ee 


*Taken from the air. 


EXPERIMENT STATION BULLETINS. 


379 


INCLUDING 25 ACRES OF CLOVER AND CARRYING 6 COWS, 4 CATTLE, 14 HOGS 


a a ret 


a 


Returned to soil. 


Nitrogen, 
pounds. 


Phosphoric 
acid, 
pounds. 


Os i i ee i ae ei are ay 


CC i Ce CC Cs fe eee eer rs 


Siielisiiels(/atalal’s iminia,e e\'c.¢!|\shea’s ol v'w(e ue) \9)\| ia) we (ee 0.8.6) © 6] a) wigs = 6).6 6.6.6) |\'c 0 «2 6 0 =) = sie |@ 6 ¢ s\e) 0 a ©) 0,|\0-0.0 0 0 ee 6 u eilra.e 6 06 a sin 0-8 


GEalaieliehelalw sueltes»/, 04 (ce ||(s\a' se (a)\e,0)\ele; [leila (meee) allele \e'|/\0)\ 0: 0 iole.6 6 @/e)l\ele le) e 6.6 © ee) «)i\« eae, 01.6 © ale: |e) awa: e.6 0 @ee |e c's! sleleisisis a 


HORSES. 

Sold from farm. 

A Phosphoric 
Nitrogen 5 
Produce. L acid, 
pounds. pounds. 

Ui Seer ekag.t er ahs alex «3, | ene 680.00 171.27 
(103) 01 0 preeerecarnclere 190.80 64.80 
aad ae ean ee 90.00 29.66 
Meee febarexe. © chais > 180.00 54.96 
AQOMO Ue fos ci. ais. 382.00 196.00 
MAR rctietsicc.cre 120.00 72.00 
AS OMI cere reiin cee 94.50 40.58 
220 eee 1,737.30 | 629.19 


<)\s/ sis) ayele.sit= si} =e ee\s, = my eie)) «/\ei™)s))s) ie) ese \s\\|/e)\a)'e o\'m).6 (6) \s)'6) 6) || eelel\ele) 6 © 6) )¢]\e ajie = ¢)e 0s 6 6 [see ake es es) a 


sje el elee uls «6 


OC rr 


ee 


eee w ewes 


a eee 


PSOne Cnt Cac) 
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IMPORTANT NOT:CE 


During the last regular session of the legislature the bill (Act 138, P. A. 
1921) creating the Department of Agriculture was passed. By the pro- 
visions of this bill the inspection of commercial feeding stuffs, will after 
July Ist, 1921, be conducted under the direction of the Department of Agri- 

culture. All communications in regard to the licensing or inspection and 
analysis of commercial feeding stuffs should after the above mentioned date, 
be directed to the Commissioner of Agriculture, Lansing, Michigan. 


EXPERIMENT STATION BULLETINS. 3sl 


COMMERCIAL FEEDING STUFFS 
Regular Bulletin No. 292 


BY ANDREW J. PATTEN, O. B. WINTER, M. L. GRETTENBERGER, P. O’MEARA 
CHEMICAL SECTION 


This bulletin contains the results of the inspection of commercial feeding 
stuffs during the period from September 1920 to June 1921. During this 
time 529 samples were collected and analyzed. This is, by far, the smallest 
number of samples that have ever been collected during a similar period, 
since the inspection has been carried on by the Chemical Section of the 
Michigan Agricultural Experiment Station under the supervision of the 
State Board of Agriculture. The unusual economic conditions that prevailed 
during the past nine months caused a tremendous falling off in the com- 
mercial feed business. The movement of mixed feeds, during the winter 
months especially, was extremely light. On the other hand, the sharp de- 
cline in the price of cottonseed meal, that occurred in the early winter stim- 
ulated its demand and the movement of this concentrate was greater than 
ever before. Furthermore, the quality of the cottonseed meal shipped into 
the State during the past winter was far superior to that of former years, 
the great bulk of the shipments being 43% protein meal. 

The inspection of commercial feeding stuffs has been conducted by the 
chemical section of the Experiment Station since January 1916. The effect 
of this inpsection upon the quality of the feeds sold in the State is clearly 
demonstrated in the following table, which shows the percentage of samples 
not equal to guarantee for both years. 


Year ending July 1 1916 1921 
Deficient an: proteim: 0557. 2... % 120%, 5.8% 
Deficient in crude fat...)....... 15 2.8 
Hixéessot erudesfiber.. 2. 21943. 9.9 2.4 


More striking still is the comparison of the inspection results covering 
cottonseed meal for the same years as shown in the following table: 


Year ending July 1 1916 1921 
Deficient jorotein: 3) sy 1). 51.0% 4.7% 
Deficient in crude fat........... 6.2 1.0 


iix¢ess of crude fiber 233 .5..2 > 39.6 23 
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COOPERATION WITH U.S. DEPT. OF AGRICULTURE 


Through a cooperative arrangement with U. 8. Department of Agricul- 
ture, all interstate shipments of commercial feeding stuffs found to be below 
guarantee or that any other respect have been shipped in violation of the 
provisions of the Federal Food and Drug act are referred to the U. 8. Food 
and Drug Inspection Station, Central District, Chicago, Ill. During the 
past year sixteen samples have been disposed of in this way. In fifteen of 
the cases citations have been issued and the other case is still under investi- 
gation. 

DEFINITIONS OF FEEDING STUFFS 


It is important that farmers become familiar with the names and descrip- 
tions of commercial feeding stuffs, as these are used by feed manufacturers 
in listing the ingredients of mixed feeds. The definitions as amended and 
adopted by the Association of Feed Control Officials of the United States 
at its last meeting are as follows: 


Meal is the clean, sound, ground product of the entire grain, cereal or seed 
which it purports to represent. 


Chop is a ground or chopped feed composed of one or more different cereals 
or by-products thereof. If it bears a name descriptive of the kind of cereals, it 
must be made exclusively of the entire grains of those cereals. 


Alfalfa meal is the entire alfalfa hay ground, and does not contain an ad- 
mixture of ground alfalfa straw or other foreign materials. 


ANIMAL PRODUCTS. 


Blood Meal is ground dried blood. 


Cracklings are the residue after partially extracting the fats and oils from 
the animal tissues. If they bear a name descriptive of their kind, composi- 
tion or origin, they must correspond thereto. 


Digester Tankage is the residue from animal tissues, exclusive of hoof and 
horn, specially prepared for feeding purposes by tanking under live steam, 
drying under high heat, and suitable grinding. If it contains more than 10 
per cent of phosphoric acid (P.O;) it must be designated Digester Meat and 
Bone Tankage. 


Meat Scrap and Meat Meal are the ground residues from animal tissues 
exclusive of hoof and horn. If they contain more than 10 per cent of phos- 
phoric acid (P.O0;) they must be designated Meat and Bone Scrap and Meat 
and Bone Meal. If they bear a name descriptive of their kind, composition or 
origin, they must correspond thereto. 


BARLEY PRODUCTS. 


Barley Hulls are the outer chaffy coverings of the barley grain. 


Barley Feed is the entire by-product resulting from the manufacture of 
pearl barley from clean barley. 


Barley Mixed Feed is the entire offal from the milling of barley- flour from 
clean barley and is composed of barley hulls and barley middlings. 
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BREWERS’ AND DISTILLERS’ PRODUCTS. 


Brewers’ Dried Grains are the properly dried residue from cereals obtained 
in the manufacture of beer. 


Distillers’ Dried Grains are the dried residue from cereals obtained in the 
manufacture of alcohol and distilled liquors. The product shall bear the 
designation indicating the cereal predominating. 


Distillers’ Corn Solubles, a by-product from the manufacture of alcohol 
from corn, is a mash liquor concentrated after the removal of the alcohol and 
wet grains. 


Distillers’ Corn and Rye Solubles, a by-product from the manufacture of 
‘ alcohol from corn and rye, is a mash liquor concentrated after the removal of 
the alcohol and wet grains. 


Distillers’ Rye Solubles, a by-product from the manufacture of alcohol from 
rye, is a mash liquor concentrated after the removal of the alcohol and wet 
grains. 


Mali Sprouts are the sprouts of the barley grain. If the sprouts are derived 
from any other malted cereal, the source must be designated. 


BUCKWHEAT PRODUCTS. 


Buckwheat Shorts or Buckwheat Middlings are that portion of the buckwheat. . 
grain immediately inside of the hull after separation from the flour. 


CORN PRODUCTS. 
Corn Bran is the outer coating of the corn kernal. 


Corn Feed Meal is the by-product obtained in the manufacture of cracked 
corn, with or without aspiration products added to the siftings, and is also 
the by-product obtained in the manufacture of table meal from the whole 
grain by the non-degerminating process. 


Corn Germ Meal is a product in the manufacture of starch, glucose and 
other corn products, and is the germ layer from which part of the corn oil 
has been extracted. 


Grits are the hard, flinty portions of Indian corn, without hulls and germs. 


Corn Gluten Meal is that part of commercial shelled corn that remains after 
the separation of the larger part of the starch, the germ and the bran, by 
‘ the processes employed in the manufacture of cornstarch and glucose. It 
may or may not contain corn solubles. 


Corn Gluten Feed is that portion of commercial shelled corn that remains 
after the separation of the larger part of the starch and the germs by the 
processes employed in the manufacture of cornstarch and glucose. It may 
or may not contain corn solubles. 


Hominy Feed, Hominy Meal or Hominy Chop is the kiln dried mixture of 
the mill run bran coating, the mill run germ, with or without a partial ex- 
traction of the oil and a part of the starchy portion of the white corn kernel 
obtained in the manufacture of hominy, hominy grits and corn meal by the 
degerminating process. 
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Yellow Hominy Feed, Yellow Hominy Meal or Yellow Hominy Chop is a 
kiln dried mixture of the mill run bran coating, the mill run germ, with or 
without a partial extraction of the oil and a part of the starchy portion of 
the yellow corn kernel obtained in the manufature of yellow hominy grits and 
yellow corn meal by the degerminating process. 


OIL CAKE, 


Oil Cake is the residual cake obtained after extraction of part of the oil 
by crushing, cooking and hydraulic pressure from seeds screened and cleaned 
of weed seeds and other foreign materials by the most improved commercial 
processes. When used alone the term ‘‘oil cake’’ shall be understood to 
designate the product obtained from partially extracted, screened and cleaned — 
flaxseed. When used to cover any other product, the name of the seed from 
which it is obtained shall be prefixed to ‘ ‘oil cake.’ 


Ground Oil Cake is the product obtained by grinding oil cake. When used 
alone, the term ‘‘ground oil cake’’ shall be understood to designate the 
product obtained from partially extracted, screened and cleaned flaxseed. 
When used to cover any other product the name of the seed io which it is 
obtained shall be prefixed to ‘‘ground oil cake.’ 


COTTONSEED PRODUCTS. 


Cottonseed Meal is a product of the cottonseed only, composed principally 
of the kernel with such portion of the hull as is necessary in the manufacture 
of oil; provided that nothing shall be recognized as cottonseed meal that does 
not conform to the foregoing definition and that does not contain at least 36 
per cent of protein. 


Choice Cottonseed Meal must be finely ground, not necessarily bolted, per- 
fectly sound and sweet in odor, yellow, free from excess of lint, and must 
contain at least 41 per cent of protein. 


Prime Cottonseed Meal must be finely ground, not necessarily bolted, of 
sweet odor, reasonably bright in color, yellow, not brown or reddish, free 
from excess of lint, and must contain at least 38.6 per cent of protein. 


Good Cottonseed Meal must be finely ground, not necessarily bolted, of 
sweet odor, reasonably bright in color, and must contain at least 36 per cent 
of protein. 


Cottonseed Feed is a mixture of cottonseed meal and cottonseed hulls, con- 
taining less than 36 per cent of protein. 


Cold Pressed Cottonseed is the product resulting from subjecting the whole | 
undecorticated cottonseed to the cold pressure process for the extraction of ~ 
oil, and includes the entire cottonseed less the oil extracted. 


Ground Cold Pressed Cottonseed is the ground product resulting from sub- 
jecting the whole undecorticated cottonseed to the cold pressure process for 
the extraction of oil, and includes the entire ground cottonseed less the oil 
extracted. 


LINSEED AND FLAX PRODUCTS. 
Linseed Meal is the ground product obtained after extraction.of part of the 


oil from ground flaxseed screened and cleaned of weed seeds and other foreign 
materials by the most improved commercial processes, provided that, the 
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final product shall not contain over six per cent of weed seeds and other for- 
eign materials and provided further that no portion of the stated six per 
cent of weed seeds and other foreign materials shall be deliberately added. 


Oil Meal is the ground product obtained after the extraction of part of the 
oil by crushing, cooking and hydraulic pressure, or by crushing, heating and 
the use of solvents from seeds which have been screened and cleaned of weed 
seeds and other foreign materials by the most improved commercial processes. 
When used alone the term ‘‘Oil Meal’’ shall be understood to designate lin- 
seed meal as defined. When used to cover any other product the name of the 
seed from which it is obtained shall be prefixed to the words ‘‘oil meal.’’ 


Old Process Oil Meal is the ground product obtained after extraction of 
part of the oil by crushing, cooking and hydraulic pressure from seeds screen- 
ed and cleaned of weed seeds and other foreign materials by the most improved 
commercial processes. When used alone the term ‘‘Old Process Oil Meal’’ 
shall be understood to designate linseed meal as defined, made by the old 
process. When used to cover any other product the name of the seed from 
which it is obtained shall prefixed to ‘‘old process oil meal.’’ 


New Process Oil Meal is the ground product obtained after extraction of 
part of the oil by crushing, heating and the use of solvents from seeds screened 
and cleaned of weed seeds and other foreign materials by the most improved 
commercial processes. When used alone the term ‘‘New Process Oil Meal’’ 
shall be understood to designate linseed meal as defined, made by the new 
process. When used to cover any other product the name of the seed from 
which it is obtained shall be prefixed to ‘‘new process oil meal.’ 


Flax Plant By-Product is that portion of the flax plant remaining after the 
separation of the seed, the bast fiber and a portion of the shives, and consists 
of flax shives, flax pods, broken and immature flax seeds, and the cortical tis- 
sues of the stem. 


Ground Flaxseed or Flaxseed Meal is the product obtained by grinding flax- 
seed which has been screened and cleaned of weed seeds and other foreign 
materials by the most improved commercial processes, provided that the 
final product shall not contain over four per cent of weed seeds and other 
foreign materials, and provided further that no portion of the stated four per 
cent of weed seeds and other foreign materials shall be deliberately added. 


Unscreened Flaxseed Oil Feed is the ground product obtained after extrac- 
tion of part of the oil from unscreened flaxseed by crushing, cooking and hy- 
draulic pressure, or by crushing, heating and the use of solvents. When sold 
without grinding the unground product shall be designated as ‘ ‘unscreened 
flaxseed oil feed cake.’’ 


Ingredients of Unscreened Flaxseed Oil Feed—Ground cake from partially 
extracted flaxseed and foreign seeds (wheat, wild buckwheat, pigeon grass, 
wild mustard, etc.) 


Screenings Oil Feed is the ground product obtained after extraction of part 
of the oil by crushing, cooking and hydraulic pressure, or by crushing, heating 
and the use of solvents from the smaller imperfect grains, weed seeds and other 
foreign materials, having feeding value, separated in cleaning the grain. ‘The 
name of the grain from which the screenings are separated shall be prefixed 
to ‘‘screenings oil feed.’’ 
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OAT PRODUCTS. 


Oat Groats are the kernels of the oat berry. 
Oat Hulls are the outer chaffy coverings of the oat grain. 


Oat Middlings are the floury portions of the oat groat obtained in the mill- 
ing of rolled oats. 


Oat Shorts are the covering of the oat grain lying immediately inside the 
hull, being a fuzzy material carrying with it considerable portions of the fine 
floury part of the groat obtained in the milling of rolled oats. 


Clipped Oat By-Product is the resultant by-product obtained in the manu- 
facture of clipped oats. It may contain light chaffy material broken from 
the ends of the hulls, empty hulls, ight, immature oats and dust. It must 
not contain an excessive amount of oat hulls. 


PEANUT PRODUCTS. 
Peanut Oil Cake is the residue after the extraction of part of the oil by 
pressure or solvents from peanut kernels. 


Peanut Oil Meal is the ground residue after the extraction of part of the oil 
from peanut kernels. 


Unhulled Peanut Oil Feed is the ground residue obtained after extraction 
of part of the oil from whole peanuts and the ingredients shall be designated 
as Peanut Meal and Hulls. 


RICE PRODUCTS. 


Rice Bran is the cuticle beneath the hull. 
Rice Hulls are the outer chaffy coverings of the rice grain. 
Rice Polish is the finely powdered material obtained in polishing the kernel. 


RYE PRODUCTS. 


Rye Middlings or Rye Feed consists of the products other than the flour 
obtained in the manufacture of the ordinary or .‘‘100%’’ rye flour from the 
rye grain which has been cleaned and scoured. 


Rye Red Dog Flour consists of a mixture of low-grade flour, fine particles 
of bran and the fibrous offal from the ‘ ‘tail of the mill.’’ 


VELVET BEAN PRODUCTS. 


Velvet Bean Meal is ground velvet beans containing only an unavoidable 
trace of hulls or pods. 


Ground Velvet Bean and Pod is the product derived by grinding velvet beans 
‘4n the pod.’’ It contains no additional pods or other materials. 


WHEAT PRODUCTS. 


Wheat Bran is the coarse outer coating of the wheat kernel as separated 
from cleaned and scoured wheat in the usual process of commercial milling. 


Standard Middlings (Red Shorts or Brown Shorts) consists mostly of the 
fine particles of bran, germ and very little of the fibrous offal obtained from 
the ‘‘tail of the mill.’’ This product must be obtained in the usual commer- 
cial process of milling. 


EXPERIMENT STATION BULLETINS. 3387 


Gray Shorts (Gray Middlings or Total Shorts) consists of the fine particles 
of the outer bran, the inner or ‘‘bee-wing’’ bran, the germ, and the offal or 
fibrous material obtained from the ‘‘tail of the mill.’’ This product must be 
obtained in the usual process of commercial milling. 


Flour Middlings shall consist of standard middlings and red dog flour com- 
bine in the proportions obtained in the usual process of milling. 


White Shorts or White Middlings consists of a small portion of the fine bran 
particles and the germ and a large portion of the fibrous offal obtained from 
the ‘‘tail of the mill.’’ This product must be obtained in the usual process of 
flour milling. 


Red Dog Flour consists of a mixture of low-grade flour, fine particles of 
bran and the fibrous offal from the ‘ ‘tail of the mill.’’ 


Wheat Mixed Feed (Mill Run Wheat Feed) consists of pure wheat bran 
and the gray or total shorts or flour middlings combined in the proportions 
obtained in the usuat process of commercial milling. 


Wheat Bran and Standard Middlings consists of the two commodities as 
defined above mixed in the proportions obtained in the usual process of com- 
mercial milling. 


Screenings consists of the smaller imperfect grains, weed seeds and other 
foreign materials, having feeding value, separated in cleaning the grain. 


Scourings consists of such portions of the cuticle, brush, white caps, dust, 
~smut, and other materials as are separated from the grain in the usual com- 
mercial process of scouring. 


(Note) If to any of the wheat or rye by-product feeds there should be added 
screenings or scourings, as above defined, either ground or unground, bolted 
or unbolted, such brand shall be so registered, labeled and sold as clearly to 
indicate this fact. The word ‘‘Screenings’’ or ‘‘Scourings’’ as the case may 
be, shall appear as a part of the name or brand and shall be printed in the 
same size and face of type as the remainder of the brand name. -When the 
word ‘‘Screenings’’ appears it is not necessary to show also on the labeling 
the word ‘‘Scourings.’’ 


MISCELLANEOUS PRODUCTS. 


Dried Beet Pulp is the material obtained by drying the residue from sugar 
beets which have been cleaned and freed from crowns, leaves and sand and 
which have been extracted in the process of manufacturing sugar. 


Cocoanut Oil Meal (‘‘Copra Oil Meal’’) is the ground residue from the ex- 
traction of part of the oil from the dried meat of the cocoanut. 


Ivory Nut Meal is ground ivory nuts. 


Palm Kernel Oil Meal is the ground residue from the extraction of part of 
the oil by pressure or-solvents from the kernel of the fruit of Elaeis guineensis 
or Elaeis malanococoa. 


Yeast or Vinegar Dried Grains are the properly dried residue from the mix- 
ture of cereals, malt and malt sprouts (sometimes cottonseed meal) obtained 
in the manufacture of yeast or vinegar, and consists of corn or corn and rye 
from which most of the starch has been extracted, together with malt added 
during the manufacturing process to change the starch to sugars, and malt 
sprouts (sometimes cottonseed meal) added during the manufacturing pro- 
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cess to aid in filtering the residue from the wort and serve as a source of food 
supply for the yeast. 


TENTATIVE DEFINITIONS. 


41.12 Per Cent Protein Cottonseed Meal, Choice Quality, must be finely 
ground, not necessarily bolted, perfectly sound and sweet in odor, yellow, 
free from excess of lint, and by analysis must contain at least 41.12 per cent 
crude protein equivalent to 8 per cent of ammonia. 

Cottonseed Meal not fulfilling the above requirements as to color, odor or 
texture, shall be branded Off Quality. 


38.56 Per Cent Protein Cottonseed Meal, Prime Quality, must be finely 
ground, not necessarily bolted, of sweet odor, reasonably bright in color, yel- 
low, not brown reddish, free from excess of lint, and by analysis must contain 
at least 38.56 per cent crude protein, equivalent to 714 per cent of ammonia. 

Cottonseed Meal not fulfilling the above requirements as to color, odor or 
texture, shall be branded Off Quality. 


36 Per Cent Protein Cottonseed Meal, Good Quality, must be finely ground, 
not necessarily bolted, of sweet odor, reasonably bright in color, and by analy- 
sis must contain at least 36 per cent crude protein, equivalent to 7 per cent 
of ammonia. 

Cottonseed Meal not fulfilling the above requirements as to color, odor or 
texture, shall be branded Off Quality. 


Fish Meal shall be the dried, ground tissues of fish made from undecom- 
posed fish, with or without the extraction of part of the oil. 


Fish Residue Meal shall be the clean undecomposed residue from the man- 
ufacture of glue or other fishery products and to be from non-oily fish. 


Maltrose Process Corn Gluten Feed is the dried residue from degermed corn, 
after removal of starch in the manufacture of malt syrup. 


Ground Barley is the entire product obtained by grinding clean sound barley, 
containing not less than 90 per cent pure barley and not more than 10 per 
cent of other grains, weed seeds and other foreign material and not more than 
6 per cent fiber. Provided that no portion of this stated 10 per cent of other 
grains, weed seeds or foreign material shall be deliberately added. 


Mixed Feed Barley is the entire product obtained by grinding country run 
barley containing not less than 75 per cent pure barley and not more than 25 
per cent other grains, weed seeds and other foreign material. Provided that 
no portion of this stated 25 per cent of other grains, weed seeds or foreign ma- 
terial shall be deliberately added. The ingredients must be stated as barley 
other grains, weed seeds and other foreign material. 


Rice Bran is the pericarp or bran layer of the rice grain, with only such 
quantity of hull fragments as is unavoidable in the regular milling of rice. 


Chopped Alfalfa is the entire alfalfa hay, chopped and not ground finely 
enough to become a meal. It must not contain an admixture of alfalfa straw 
or other foreign material. 


Ear Corn Chops is corn and cob, chopped, without the husk, with not a 
greater proportion of cob than occurs in the ear corn in its natural state. 


Head Chops consists of the entire head of the grain sorghums, chopped, and 
should bear the name of the sorghum from which it is made. This includes, 
among others, kafir head chops, milo head chops, feterita head chops, and 
sorghum head chops. 
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Head Stems consists of the head of the grain sorghums, from which the 
grain has been removed, and should bear the name of the sorghum from which 
it is made. 

RESOLUTIONS ADOPTED. 


Resolved, That it is the sense of this Association that we understand the 
term “Nitrogen Free Extract’’ to cover the product indicated by the per- 
centage obtained by subtracting from 100 per cent the sum of the percentages 
of Ash, Moisture, Protein, Fat and Fiber. 


Resolved, That the term ‘‘Carbohydrates’’ be interpreted to cover the 
product indicated by the percentage ‘obtained by the addition of the per- 
centages of crude fiber and nitrogen free extract. 


Resolved, That this Association goes on record as condemning the practice 
of the packing of cottonseed meal and other feeds in bags containing 99 lbs. 
net, and billing and charging for the same 100 lbs. net. 


Resolved, That it is the sense of this Association that a ton of feed be 2,000 
pounds, net. 


PROPOSED STANDARDS FOR WHEAT MILL FEEDS. 
Protein (Min) Fat (Min) Fiber (Max) 


Standard Middlings.......... 16.0 per cent 4.5 percent 9.0 per cent 
Flour Middlings..............15.0 per cent 3.0 percent 6.0 per cent 
Red woe MlOur. . aks. dees - 16.0 per cent 4.5 percent 4.0 per cent 
IBEW SNOLLG see .i4 4) ese ts 15.5 percent 3.5 percent 6.5 per cent 
DTEES SS aT) 5 | Sie Na 16.0 per cent 3.5 percent 5.5 per cent 
WEE SNORGS Se. eens 14.5 percent 3.0 percent 3.5 per cent 
Wheat Mixed Feed........... 15.5 per cent 3.5 percent 8.5 per cent 


STOCK AND POULTRY “CONDITIONERS.’’ 


During the past year we have examined a number of so-called stock and 
poultry conditioners or tonics. While these do not come under the jurisdic- 
tion of the feeding stuffs law it was felt that the matter was of sufficient 
importance to examine, more or less thoroughly, all samples coming to our 
attention. Most of the samples were sent to the laboratory by residents of 
the State and a few were collected by the inspectors. In most of the cases 
the ingredients have simply been identified with no ‘attempt made to esti- 
mate the quantity of each. In those samples that consist largely of mineral 
salts a fairly complete analysis has been made. 

From an examination of the ingredients found in these various prepara- 
tions it will be possible for a person to form a very good estimate of their 
value, especially, if it is remembered that such materials as cocoa shells, 
peanut shells and buckwheat hulls have very little feeding value, and, so 
far as is known, no medicinal or tonic value. In many cases these materials 
constitute the major part of the preparation. 

; A list of the preparations examined and the results obtained is given be- 
ow— 


““SAL-TONIK’’ 


Manufactured by the Guarantee Veterinary Co., Chicago, Ill., and Sioux 
City, Ia. This preparation is marketed in the form of blocks weighing 
50 lbs. each. The analysis of a sample submitted by Henry Ver Hulst, 
Hamilton, Michigan follows :— 
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podium (Chlorec(saliyed ant oliies. Hevea fer 94.20% 
Sodium Sulfate (Glauber’s Salt).............. 1.89% 
Podiums Bicurbemauerse 2/4. oes. beet eee ee 0.30% 
Magnesium Sulfate (Epsom Salt)............ 1.20% 
Caleiim (carhbonake taco. oO ys oe ae eee 0.84% 
Oreainie (NMA Ger Aye inc ss ae Ce 0.34% 
Insoluble Mineral Matter.................-- 1.19% 


The insoluble matter contained free sulfur and oxide of iron which was 
not determined. 

A second sample submitted by O. M. Wallace, Burton, Mich., contained 
96.65 per cent salt. 


“‘noOZ-IT.’? 


Manufactured by the Farmers’ Medicated Stock Sait Co., Mifflinburg, 
Pa. Sample submitted by Anthony Fenis, Westphalia, Mich. 


SodimmChloride (Salty. tere ok. fk so uleee oe 94.25% 
Clam eogle Gag ty... :). ean meee aah coer mente EL ee 3.58% 


Traces of Magnesium Sulfate (Epsom Salt) and ferrous 
Sulfate (Copperas). 


A second sample submitted by the Gladstone Grocery, Gladstone, Mich., 
gave the following snalysis: 


podinon Chlomde (Salt)ie "esos acer es 94.95% 
ARBOR Tle Slane ahh cove, Tee Pe oe a eepinee 2.87% 


‘“PEDERAL STOCK CONDITIONER. ”’ 


Manufactured by the Federal Stock Food Co., Miffinburg, Pa. Sample 
submitted by D. L. Hagerman, Grand Rapids, Mich. 

The following ingredients were identified: Cocoa shell meal, buckwheat 
hulls, peanut shells, oyster shells, salt, calcium carbonate and traces of cop- 
peras, mustard and red peper. 


‘“BMPIRE STOCK CONDITIONER.’’ 


Manufactured by the Capitol Food Co., New York City. Sample sub- 
mitted by John C. Liken Co., Sebewaing, Mich. 

The following materials have been identified: Cocoa shells, peanut shells 
and meal, buckwheat hulls, oyster shells, sulfur, ferrous sulfate (copperas) 
and traces of magnesium sulfate (Epsom Salt), gentian, sassafras, anise, 
capsicum and mica. 


‘EMPIRE POULTRY CONDITIONER’’ 
Manufactured by the Capitol Food Co., New York City. Sample sub- 
mitted by John C. Liken Co., Sebewaing, Mich. The following materials 
were identified: Cocoa shells, peanut shells, buckwheat hulls, oyster shells 


(25%), sulfur, charcoal, copperas and traces of mustard, sassafras bark, 
fenurgreek, anise, black pepper, mica. 


‘‘MMOORMAN’S MINERAL MIXTURR.’’ 


Manufactured by Moorman Manufacturing Co., Quincy, Ill. Sample 
submitted by Otto B. Schulze, Nashville, Mich. 
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The following materials were identified: Sodium sulfate (Glauber’s 
salt), rock phosphate, sulfur, charcoal and trace of copperas. The ingre- 
dients are present in about the following proportions: 


Ghiuberasalh waeeusny. sy ercd Ny ox SA wd 45.70% 
PGCE PHOS pMahert ser my ose tes tet 24.02% 
Ro UTD SBR rts. COG) «IRE UNA ee TASY 
Charcosiltanedesamarya : ..tct ails . waste eon 6 23.13% 
COP PETAs te Meme iin wins ee ae G os Slap hd as trace 


‘DR. HESS’ STOCK TONIC.’’ 


Manufactured by Drs. Hess & Clark, Ashland, Ohio. Sample submitted 
by Inspector Teske. The following ingredients were identified: Salt 
(42.43%), epsom salt, glauber’s salt, potassium nitrate (salt peter) cop- 
peras, quassia, fenurgreek, nux vomica, wheat bran, charcoal. 


‘““GUARDIAN STOCK CONDITIONER.’’ 


Manufactured by the Guardian Food Company, New York City and 
Indianapolis, Ind. Sample submitted by C. M. Kidman, Port Huron, Mich. 

Ingredients identified: Peanut shells, charcoal, fenurgreek, quassia, salt, 
copperas, Glauber’s salt, sulfur. 

The ingredients are present in approximately the following proportions: 


podium eilonide (salt )se. cove os. eck lee. 66.47% 
SAUL DTA AS te 1 A am PC Nr CRED er 0.71% 
Sodium Sulfate (Glauber’s Salt)... 

Ferrous Sulfate (Copperas)........ (aie a ula ee 
Peanut Shelle. ... .:. 22.65% 


Charcoal ofevisiie Mel elke: (oh s| e)iey (ce. oenel (h) wilel|e ce 


392 STATE BOARD OF AGRICULTURE: 


ANALYSES OF FEEDING STUFFS FOR 1920-1921. 


a = 
2 ke 3 5 5 = 
a Manufacturer and trade name. Sampled at 2 5 s AS, 5+ 
ae| = 2) o 3) = ie 
ors 2 as} Go no] o 
25 6 5 Fa 2 pec! 
3 = 6) Oo 16) ay 
COTTONSEED MEAL 
American Cotton Oil Co., New York City H 
hiGspAlees se 36.9 5.5 | 14.0 
B 6218 | Surety Brand Cottonseed Meal..................- Grand Rapids... \ F.f | 8.0 | 37.4 | 7.9] 10.5 | $45 00 
B 6219 | Surety Brand Cottonseed Meal..................- Grand Rapids......... S20 S420 MeO Mela 45 00 
B 6224 | Surety Brand Cottonseed Meal................... Grand Rapids......... 8.9 | 36.6 | 7.6 | 11.3 46 00 
B 6303 | Surety Brand Cottonseed Meal................... Howell ey eet ae 8.4] 39.6] 9.3] 8.2 2 30 
AVETare ee cee ts 8.6 | 37.0} 8.0 | 10.7 
American Milling Co., Peoria, III. 
iG |e sack: 41.0 6.0 | 12.0 
B 6183 | AMCO Cottonseed Meal..................+----- Nunica......... NS Fl ee ee PTS Vere 58 00 
B 6237 | AMCO Cottonseed Meal.....................--- Leeland) 2/420. c\o aes 8.8 | 40.4 | 6.6 | 11.9 40 00 
AVEraPe ion teccaate 9.0 | 41.1 Tel AOA 
The J. E. Bartlett Co., Jackson, Mich. 
(4 el ee 41.0 5.0 | 14.0 
B 5934 | Farmer Brand Cottonseed Meal.................. Washington..... F.t 9.0 | 42.4 el GOe QUES e eens 
B 5937 | Farmer Brand Cottonseed Meal.................. AnnvATbor acer 8.5 | 43.1 79%|| 10%0)|\S2eeee 
Average’. o.cbane oo. 8.8 | 42.8; 7.8 | 9.7 
(CA il easene 43.0 7.0 | 10.0 
B 5909 | Farmer Brand Choice Cottonseed Meal...........! Carleton........ \ Ft 8.6 | 39.2} 7.8 | 12.4 68 00 
B 5910 | Farmer Brand Choice Cottonseed Meal........... Manchester........... 823 | 42.591 6285) 10291 | eee 
B 5927 | Farmer Brand Choice Cottonseed Meal............ Fowlerville. ..... S23 44a) eZ ORS eee 
B 5942 | Farmer Brand Choice Cottonseed Meal............ Rochester 6:9} 44:6) (92) vel 6 00 
B 5949 | Farmer Brand Choice Cottonseed Meal............ Romeo 8.9 | 42.4] 7.5 | 10.9 65 00 
B 5950 | Farmer Brand Choice Cottonseed Meal Romeo (eon r4anLONl ict see 65 00 
B 5953 | Farmer Brand Choice Cottonseed Meal... ....| Pinckney.... GrSu|eaoer | ecole 63 00 
B 5968 | Farmer Brand Choice Cottonseed Meal............} Linden 859) | 42705) e7e4a ta 3 50 
B 5987 | Farmer Brand Choice Cottonseed Meal............ Saginaw CAN STH ea UNE Peo ae 35 
B 5988 | Farmer Brand Choice Cottonseed Meal............ Birch Run 129) 46 228|| Wes ded 56 00 
B 5991 | Farmer Brand Choice Cottonseed Meal............ Cass City 8.4] 46.8] 7.2] 8.0 60 00 
B 6021 | Farmer Brand Choice Cottonseed Meal............ Bay City IDES 4AG23 Seen ae 58 00 
B 6063 | Farmer Brand Choice Cottonseed Meal............ Mt. Clemens.......... 8.3) 4526). 7.8] 8.8 60 00 
B 6097 | Farmer Brand Choice Cottonseed Meal............ Sty JOHNS. eee veers Coe ee GH |) (ra || MGS) 55 00 
B 6241 | Farmer Brand Choice Cottonseed Meal............ Wecland eee cen nyneee 8142555620" 105i | oar 
B 6413 | Farmer Brand Choice Cottonseed Meal............ WniomiCity... 93-- ee 8.0 | 44.3] 8.7] 7.6 2 50 
Average... oA ce aos ce Her da My ar (ad SS) 7/ 
Gans | eee 88.6 5.0 | 18.0 
B 6242 | Farmer Brand Prime Cottonseed Meal............ Zeeland......... BSF |) 28290 40.6) )) 229" tee 40 00 
(et B oghsons 36.0 5.0 | 17.0 
B 5973 | Farmer Brand “‘Straight”’ Cottonseed Meal........ Milford=2y..-- Wa ese Oor-Ony tOnn LOR 5 50 
T. O. Branch Company, Little Rock, Ark. 
fi Gita ges 36.0 6.0 | 12.0 
B 6403 | Holstein Brand Cottonseed Meal................. Croswell........ AOS eal ete | Pets | warded. teint ly ee secre 
F. W. Brode & Company, Memphis, Tenn. 
: (el rsreeeees 86.0 5.6 | 14.0 
B 6127 | Jay Brand Cottonseed Meal....................-- Grand Rapids... | F.t 8285413920 5" 920) | LORD Nee ees 
E Geile esse 43.0 6.0 9.0 
B 5952 | Ordinary Cottonseed Meal.....................-- Thomas's... By) 822° |) -4050)), 625) 1257, 70 00 
The Buckeye Cotton Oil Co., Cincinnati, Ohio 
(et Be oe 36.0 5.0 | 14.0 
B 5917 | “Buckeye” Good Cottonseed Meal................ Lansing......... Fi 7.6 | 36.9 (ad || Dee) 62 00 
B 5992 | ‘‘Buckeye’’ Good Cottonseed Meal................ Wbl yee tcc neato 10245) 935200 |) Oech else 55 00 
B 6030 | “Buckeye’’ Good Cottonseed Meal................ BaviGity. cs serene 726 [P8529 | iS eas ately | eee 
B 6043 | ‘“‘Buckeye’’ Good Cottonseed Meal................ DEE H are See 5 Acre ae Se2 8b nt) | (Gree lmancelee sneer 
Asverare a oan. s in 8.5 | 35-9 7.3 | 12.0 


yAbbreviations for guaranteed and found. 
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i= 
= ‘sg 
me as : iS) + 
2.8 Manufacturer and trade name. Sampled at 5 5. 3 
£3 2 CS CS) 
os 2 as) us) 
2a a | Bhs 
4 = 5 5) 
COTTONSEED MEAL.—Continued. 
Dallas Peanut Feed Mfgrs., Dallas, Texas 
Gib eres 43.9 | 5.0 
B 5941 | Besfeed Cottonseed Meal and Cake.............. Walled Lake.... \ F.t 8.1 | 44.9 7.4 
B 6003 | Besfeed Cottonseed Meal and Cake............... DIONE: he ioe eecieatercte 9.2 | 46.2} 7.8 
B 6017 | Besfeed Cottonseed Meal and Cake............... Daliniers Sis seioe nen 8.7 | 45.1} 9.3 
B 6139 | Besfeed Cottonseed Meal and Cake............... Dees tires tc atecanan 8.1) 48.5 | 7.1 
B 6204 | Besfeed Cottonseed Meal and Cake............... taht t:014 re An eee Re 7.4 | 46.9] 9.3 
B 6208 | Besfeed Cottonseed Meal and Cake............... Malamazoos.ceasuce ces Gesuirolesn|| © 829 
| Average........... 850) | 47-2.)| 58:3 
S. P. Davis, Little Rock, Ark. 
GET see 36.0 | 6.0 
B 6096 | Beauty Cottonseed Meal....................0.05. Ann Arbor...... VE 82353529) |) 1722 
B 6386 | Beauty Cottonseed Meal.................0.2.00- Jacksonlc <ssiac ves veto 793822) | 004 
AMERARC. is ava\ernin oe See Watt ded 
{ GEFs |e Sern 41.0| 6.0 
B 5960 | Goodluck Cottonseed Meal...................... Milans Sten<3 F.t 12d) (P4156) 48:8 
GPRS Se a 43.0 | 6.0 
B 5959 | Steerboy Cottonseed Meal......................- RWillist ens ct ote = Fi | 7.8 | 42.8] 8.6 
B 5961 | Steerboy Cottonseed Meal....................-.- Dace retswretyorc sarereroe as 7.0 | 46.6 | 7.4 
AVErapey: onic cee 7.4 | 44.7] 8.0 
East St. Louis Cotton Oil Co., Chicago, III. 
[GSP eos 41.0 6,0 
B 6505 | Illinois Brand Cottonseed Meal................... Battle Creek....\ F.t | 6.7] 44.1] 7.9 
B 6414 | Illinois Brand Cottonseed Meal................... Sprngport..csceees sce WAGs PALE Sill Set 
AVETARE Se anlnces es 7.2 | 43.0] 8.0 
° 36.0 5.0 
B 5905 | St. Clair Brand Cottonseed Meal................. SeSieates! | Ong 
B 5906 | St. Clair Brand Cottonseed Meal................. 8.6 | 39.3 | 8.0 
B 5925 | St. Clair Brand Cottonseed Meal................. 9.9 | 36.8; 6.5 
B 5964 } St. Clair Brand Cottonseed Meal................. 8.9 | 36.4] 5.8 
B 6004 | St. Clair Brand Cottonseed Meal........ ........ 9.7 | 36.9] 6.6 
B 6045 | St. Clair Brand Cottonseed Meal................. 9.1") 38:2) 7.6 
B 6074 | St. Clair Brand Cottonseed Meal................. 8.9 | 38.4] 7.9 
B 6091 | St. Clair Brand Cottonseed Meal................. An MAE DOGAC telson ce OF8roee | 16e7 
B 6220 | St. Clair Brand Cottonseed Meal................. Coopersville........... 9.3 | 36.1 6.9 
B 6236 | St. Clair Brand Cottonseed Meal................. Grandville seta scnne- 9.3 | 35.4] 6.6 
B 6247 | St. Clair Brand Cottonseed Meal................. Muskegon...........-. TRG BTR 7eB} 
Averares teins. ae 9.1 | 37.1 7.0 
Fidelity Products Co, Houston, Texas 
(Geian eee 43.0 6.0 
B 5955 | Fidelity Cottonseed Meal...................0-05- Ann Arbor...... ERS pa lee Gue44gn |e 721 
B 5956 | Fidelity Cottonseed Meal......................-. Mpsilantis 2.72426 ssoe 7.0 | 44.5] 8.4 
B 5957 | Fidelity Cottonseed Meal......................- Npsrlan ti. resceeyssieree 7.0 | 46.4 | 8.4 
B 5958 | Fidelity Cottonseed Meal......................5. Willis ao. 0 aoe 6.9 | 46.4 7.4 
B 5962 | Fidelity Cottonseed Meal........................ Nae Sich cycae eee Gr 4a 87, 
B 5967 | Fidelity Cottonseed Meal..................2.005- Owossose-cee eee CT) ae | Vee? 
B 5971 | Fidelity Cottonseed Meal........................ Holly ysis hooeiect meee 7.5 | 42.3] 6.8 
B 5977 | Fidelity Cottonseed Meal......................-- Monroé:.33 ane ane: 8.5 | 44.5] 8.0 
B 5978 | Fidelity Cottonseed Meal........................ 1G Es See ae aon Aen Hed) ADE Ball” doe 
B 5979 | Fidelity Cottonseed Meal......................-. Milatiy oe cec tase ace TWeounaarl | Sel 
B 5980 | Fidelity Cottonseed Meal......................5- Ste Clairivsss eye cha eae 8.8 | 40.5 | 13.3 
B 5982 | Fidelity Cottonseed Meal........................ AZ alia oe erence ee OU) RC RAL IE eR; 
B 5983 | Fidelity Cottonseed Meal......................-- Milan. :2occ3 scheme ae Chey (ie yee ey !) 
B 5984 | Fidelity Cottonseed Meal.....................2.- Onsted) a5... See eee 8.4] 45.8] 6.6 
B 5990 | Fidelity Cottonseed Meal.....................-0- Bilbngtoni eeepc WG) |e46e4o| ep 
B 5996 | Fidelity Cottonseed Meal.....................0.. So. Rockwood......... a ed fous | Soe 
B 6002 | Fidelity Cottonseed Meal. . wast Wave slate neat: Pittston pees eee See ase eel 
B 6059 | Fidelity Cottonseed Meal.....................0.- Db Claireresaaaeeeeo 9.0 | 40.7 | 12.7 
B 6152 | Fidelity Cottonseed Meal........................ Marcellus............. 6.9 | 45.4] 8.3 
B 6154 | Fidelity Cottonseed Meal......................0- @assopoliss. neeick ace GlOF eto Gal eewne 
B 6163 | Fidelity Cottonseed Meal....................000. Conkling.-50e- eeecens 9.3 | 46.4] 7.0 
B 6202 | Fidelity Cottonseed Meal....................000- Grand Ledge.......... 871.1463 1" %0 
B 6145 | Fidelity Cottonseed Meal.....................00. Am blew eran aaee ce 6.7 | 44.4] 8.7 
B 6146 | Fidelity Cottonseed Meal.....................2-- Ambletes eens cme: 6.5 | 44.1 | 10.2 
IAVerage ens aacwaen 7.6| 44.9 | 8.2 


tAbbreviations for guaranteed and found. 
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be 


) 


_ 
bo 


ee 
NUIAWAROOONNPRONDEHOORMRUONHDS 


i 
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> 
ie Manufacturer and trade name. Sampled at. g 
6 g a 
os 5 
4 = 
COTTONSEED MEAL.—Continued. 
John H. Hailey Co., Houston, Texas te 
B 5902 | Texas Brand Cottonseed Meal 43%............... @aroyne c-cidcee { Ft} 9.0 
B 5904 | Texas Brand Cottonseed Meal 43%............... Wairerove: “ner sous 8.8 
B 6035 | Texas Brand Cottonseed Meal 43%............... PAIK ODA | Sold eav eee 7.9 
B 6105 | Texas Brand Cottonseed Meal 43%............... AUIGUBLA nonin eclooe ces 6.9 
B 6382 | Texas Brand Cottonseed Meal 43%............... Miorenel.\-s% cr eer 8.5 
AVETSO Gs ane ate 8.2 
Hales & Hunter Co., Chicago, Ill. ae 
Bibi 76 |: Cottanened Mexla.0es ohcks fee tae Meee Grand Rapids... | F.t | 9.0. 
Hayes Grain & Commission Co., Chicago, Iil. + 
B 5901 | Arkansaw Brand Cottonseed Feed................ Grass Lake...... | Et ‘gig 
B 5954 | Arkansaw Brand Cottonseed Feed................ Pinekneye och 7.8 
B 5965 | Arkansaw Brand Cottonseed Feed................ Quincy Aan essceere 6.4 
B 5975 | Arkansaw Brand Cottonseed Feed................ Milford’ pees eee 8.0 
B 5989 | Arkansaw Brand Cottonseed Feed................ Wiassars, ie ec cae ent 8.8 
B 5994 | Arkansaw Brand Cottonseed Feed................ BadvAxe’s SA ae sees 8.8 
B 6005 | Arkansaw Brand Cottonseed Feed................ Parma ise i. cones 8.5 
B 6028 | Arkansaw Brand Cottonseed Feed................ Bayley het meee aes 7.5 
B 6070 | Arkansaw Brand Cottonseed Feed................ ECS Mean aaerenacrioe 7.8 
B 6118 | Arkansaw Brand Cottonseed Feed Alleran’. 7 ews cree Ch 
B 6180 | Arkansaw Brand Cottonseed Feed Hudsonville........... 9.0 
B 6253 | Arkansaw Brand Cottonseed Feed Hudsonville........... 8.2 
B 6272 | Arkansaw Brand Cottonseed Feed Big JRapids s mneceeee 8.6 
B 6399 | Arkansaw Brand Cottonseed Feed Harbor Beach......... 8.1 
Average. 7-80 os sa. 8.1 
5 iG Sted eats 
B 6019 |. Hayes Brand, Cottonseed Meal and Cake.......... Salzburg........ \ F.t 7.6 
B 6084 | Hayes Brand, Cottonseed Meal and Cake.......... Rontiicitennoes ene 6.9 
IAverage’...0 vn air (fos 
: { Gta ee: 
B 5918 | Supreme Brand Cottonseed Meal................. hansing=-y..cee. It iao 
Humphreys Godwin Co., Memphis, Tenn. C4 
B 6408 | Bull Brand Cottonseed Meal..................... Brown City..... \ F4+ Piet 
Imperial Cotton Sales Co., Chicago, Ill. (4 
B 6088 | Imperial Cotto Brand Choice Cottonseed Meal.....} Wayne......... \ Ft "8.2 
B 6151 | Imperial Cotto Brand Choice Cottonseed Meal..... Three Rivers.......... that 
AV erage sth cece 8.0 
FG AE ee 2 
B 6090 | Silo Brand Cottonseed Meal or Cake............. Ann Arbor...... NE | Pee 
Industrial Cotton Oil Properties, New York City os 
B 5969 | Longhorn Brand Prime Cottonseed Meal.......... Menton). .. << s6- { P+ 70% 
B 5976 | Longhorn Brand Prime Cottonseed Meal.......... arentony coo een 7.9 
AVEDAZe, eta nense 7.5 
Italy Cotton Oil Co., Italy, Texas Ct 
B 6524 | Ordinary Cottonseed Meal....................-- Plainwell....... { Ft "8.4 
Larrowe Milling Company, Detroit, Mich. G+ 
B 5985 | Larrow Brand Choice Cottonseed Meal........... Okemogseessace { i ah ee 
B 6409 | Larrow Brand Choice Cottonseed Meal........... MAapeer twas attonteracts « 8.8 
PAV ONE. yan ciate eer 8.5 
L. B. Lovitt & Co., Memphis, Tenn. G+ 
B 6375 | “Neal’s Choice” Cottonseed Meal..............-. Coldwater...... { P+ "8.2 


tAbbreviations for guaranteed and found. 


FI 

s = § 

° 3 z eas 
fa & = se 

o o o aS 
aes bao] ino] Oo 
BOR ee ete 
oO iS) oO Ay 
43.0 5.0 | 12.0 
44.0| 6.6| 9.2] $69 00 
43.3| 6.5 | 9.1] 6900 
44.4| 8.0| 9.1| 5500 
46.8| 7.9| 7.3 | 75.00 
44.9 7.4 7.6 42 00 
47 )| Pegi eees 
86.0 B20) 24:0 
45.3| 7.5 | 9.1] 50.00 
36.0 5.0 | 14.0 
40.2 roa te Ot) 65 50 
34.35/94] ace em 
35.3 S20) 20 60.00 
35.7 | 6.0 | 13.5 2 50 
37,9:] (8.1.1 40.8554 cee 
35.61 6.51 12:0 1s. cae 
40.0| 7.3| 8.3] 5000 
37.0 GyDE|| WeeOute aes 
36.7 6.8 | 10.6 40 00 
Biot 6.1 | 14.0 72 00 
41.5|°8.2| 7.2] 6000 
38.9| 6.9| 8.6| 5500 
38.5 | 7.5| 9.1] 5300 
35 Br] | O20-| deo eae 
Pre ue Seah 
43.0| 6.5 | 9.5 
45.8 | 8.0| 5.9 2 75 
47.9| 11.1| 4.2| 5000 
46.9 | 10.0 | 5.1 
38.6 6.0 | 12.0 
40.7 | 7.8 | 12.3 
43.0 5.0 | 10.0 
43-9 | GA WE Nzate eee 
41.0 6.0 8.0 
41.6 8.0 ee) 47 00 
41.8 8.3 833) eet eaeine 
M17 |, (8-9) as Sane 
43.0 5.0 | 16.0 
46.9| 7.5| 6.7] 4700 
43.0 6.0 | 12.0 
43:04] S320). otk Ae ee oe 
A3i3:| "Za7 [Old Wa) base 
43.2| 8.0| 8.8 
43.0 6.0 | 12.0 
44.6|10.0| 5.6| 44.00 
43.0 6.0 | 10.0 
43.7 8.2 9.9 3.50 
24:35). 7.8 2S ON eee 
44.3| 7.9| 9.0 
43.0 6.0 | 10.0 
AG BN RIO TON ees 
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A = 
> : = P 5 2 
2 5 Manufacturer and trade name. Sampled at. z 5 a a se 
| 2 3 = = 25 
35 . S B a = “eS 
ra = 16) 6) 1S) Aa 
COTTON SEED MEAL.—Continued. 
L. B. Lovitt & Co.—Concluded. (a I ay 36.01 6.0 | 14.0 
B 5938 | Thirty-Six Brand Cottonseed Meal............... Mason......... Fj 7.6 | 35.0} 6.7 | 13.1 | $55.00 
B 5946 | Thirty-Six Brand Cottonseed Meal............... New Haven........... 7.5 139.2] 8.5] 8.4 70.00 
B 6066 | Thirty-Six Brand Cottonseed Meal............... REA eee ats eas 820) 36.0] e471 2.25 
B 6243 | Thirty-Six Brand Cottonseed Meal............... Aevland ty Ate. wine eek S200h BOLe | 1628: 10rs 40.00 
3:1: 7.9 | 36.9 | 7.4 | 10.8 
C. L. Montgomery & Co., Memphis, Tenn. 
{fl A ec 86.0 6.0 | 14.0 
B 6525 | Star Brand Cottonseed Meal.................... Plainwell....... TW LOLO |Site 6.3 | 12.6 40.00 
W. C. Nothern, Memphis, Tenn, 
GET eee 41.0 6.0 | 12.6 
B 6275 | Bee Brand Cottonseed Meal..................... Grand Rapids... F.t | 8.2] 42.0) 8.7] 4.9 44.00 
IM Ciel Hapeane 43.0 | 65.0 | 10.0 
B 5903.| Queen Bee Brand Cottonseed Meal............... Cargt eee \F+ | 7.4] 44.9] 6.7] 9.8 70 00 
B 5986 | Queen Bee Brand Cottonseed Meal............... Joi re(hT ok AA ee aarm eater - 6.5 | 43.9 8.7 (heroal lentewac 
B 6197 | Queen Bee Brand Cottonseed Meal............... IBTUDAWICK:« sya1< cae ins 7.4 | 43.1 Wedel ose 55 00 
AVETEPE cana acee as WL N43e90 | Fail) dao 
Gera. 36.0 5.0 | 12.0 
B 6213 | Standard Brand Cottonseed Meal................. Zeeland......... NETS eSnlnsGert Case) Los 50 00 
Ryan Cotton Oil Co., Ryan, Okla. 
. (Gite ee. 43.0] 5.0 | 10.0 
~B 6158 | Prime Cottonseed Meal and Cake................. Niles anae teers NAR! 428 4324)  Ss4 0b oe. on. 
J, M. Sansom & Co., Dalias, Texas 
iG IPareretere 86.0} 5.0| 19.0 
B 5966 | Sansom’s 36 Cottonseed Meal..................-. OWworsore eee ea Nate atte ze eop. 2a Son pbano 55 00 
Southland Cotton Oil Co., Paris, Texas 
| (Gt ]...... YSON 620 \ 1200 
B 5972 | Climax Brand Cottonseed Cake or Meal........... Davisburg...... \E.t 7.6 4222.) (8.4), 9.4 62 00 
B 6160 | Climax Brand Cottonseed Cake or Meal........... Nilesserres Sree 7.9 | 43.6] 9.4] 6.0 65 00 
AVerares tse strc Chest 2 OA SEO efor! 
Texas Cake & Linter Co., Dallas, Texas 
; Getg lene: 45.0| 6.0 | 10.0 
B 5995 | Higrade Brand Prime Cottonseed Cake and Meal...| Fairgrove. eae \ Fi Stan | Aono | Grae (eile oe erect 
Gs Ascieee 36.0 5.0 | 20.0 
B 6150 | Panhandle Brand Good Cottonseed Meal.......... Belmont........\ Ft | 8.1] 37.5 | 7.9 | 10.8 48 09 
B 6168 | Panhandle Brand Good Cottonseed Meal.......... Grand Rapids......... oO eSoe2ul Sac ||) Lak 60 64 
B 6244 | Panhandle Brand Good Cottonseed Meal.......... Comstock Park........ 8.5 | 35.9 | 7.6} 12.0 54 00 
B 6274 | Panhandle Brand Good Cottonseed Meal.......... Bipe Rapides: see eal Sto) ep aUled! 50 00 
B 6404 | Panhandle Brand Good Cottonseed Meal.......... Handuskye sae sees SESE ROME ONL eee [eco eee lle satan oe 
Hy (sine oto eye er 8.3 | 36.4] 8.1] 11.0 
fiGER lhaeetace 3.0 6.0} 12.0 
B 5943 | Texoma Brand Prime Cottonseed Cake and Meal...) New Haven..... DRE Cese 4 oe ano. |) Oded, 67 00 
B 5947 | Texoma Brand Prime Cottonseed Cake and Meal...| Romeo............... EN a i ea) 65 00 
B 6207 | Texoma Brand Prime Cottonseed Cake and Meal...} Greenville.............] 7.5 | 46.3} 8.0] 7.0 60 00 
Average 8.0 (lar? 
Wagner-White Co., Jackson, Mich. 
6.0 9.0 
B 5931 | Waw-Co 43% Cottonseed meal................... Rochester....... 46) 1031 72 00 
B 5932 | Waw-Co 43% Cottonseed Meal................... Washington. . eas Tid 3 75 
B 5963 | Waw-Co 43% Cottonseed Meal................... Blissfield. . . 8.0] 9.6 60 00 
B 5970 | Waw-Co 43% Cottonseed Meal................... Fenton,...2:00. ee 9.2} 9.0 3 50 
B 6000 | Waw-Co 43% Cottonseed Meal................... Iidsonsee eee ee ies Ciel ae Mec aye 
B 6007 | Waw-Co 43% Cottonseed Meal................... Rives Junction 8.4 OMe vente. 
B 6136 | Waw-Co 43% Cottonseed Meal............... Bode) (lleb elon ioe. Mee g 7.8 | 8.3 60 00 
B 6149 | Waw-Co 43% Cottonseed Meal................... Nashville we. eye Soh) Oem oseaee 
B 6383 | Waw-Co 43% Cottonseed Meal................... Pecumpel. Sie 0eae 7.6 | 6.9 60 00 
B 6412 | Waw-Co 43% Cottonseed Meal................... Union Citys eee 7.7] 9.6 45 00 
AVETAGG. (2h cc. de CAO Mea L ON) geo! || Cole 
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Manufacturer and trade name. 


Laboratory 
number 


COTTONSEED MEAL.—Continued. 
A. C. Westervelt & Co., Memphis, Tenn. 


B 5936 
B 5993 
B 6008 
B 6009 
B 6011 
B 6012 
B 6018 
B 6032 
B 6033 
B 6034 
B 6060 
B 6135 
B 6235 
B 6407 


Planet Brand Cottonseed Meal................... 
Planet Brand Cottonseed Meal.................-. 
Planet Brand Cottonseed Meal................... 
Planet Brand Cottonseed Meal................... 
Planet Brand Cottonseed Meal 
Planet Brand Cottonseed Meal 
Planet Brand Cottonseed Meal... 
Planet Brand Cottonseed Meal... 
Planet Brand Cottonseed Meal... 
Planet Brand Cottonseed Meal 
Planet Brand Cottonseed Meal 
Planet Brand Cottonseed Meal 
Planet Brand Cottonseed Meal 
Planet Brand Cottonseed Meal 


Willingham Warehouse Co., Dallas, Texas 


B 6078 
B 6335 


Superior Brand Choice Cottonseed Meal........... 
Superior Brand Choice Cottonseed Meal........... 


J. N. Willis Cotton Products Co., Dallas, Texas 
Ordinary Cottonseed Meal.................+.2-0: 


Ordinary Cottonseed Meal.....................-- 
Ordinary Cottonseed Meal...................---- 


B 5944 
B 5948 
B 6010 


E. H. Young Co., Inc., Dallas, Texas 


Young’s Forty-Three Prime Cottonseed Meal & Cake 
Young’s Forty-Three Prime Cottonseed Meal & Cake 
Young’s Forty-Three Prime Cottonseed Meal & Cake 
Young’s Forty-Three Prime Cottonseed Meal & Cake 
Young's Forty-Three Prime Cottonseed Meal & Cake 


B 6014 
B 6098 
B6117 
B 6179 
B 6380 


COTTONSEED FEED 


F. W. Brode & Co., Memphis, Tenn. 


Fox Brand Cottonseed Feed................------ 
Fox Brand Brand Cottonseed Feed............... 


B 6106 
B 6107 


LINSEED MEAL 


American Linseed Co., Buffalo, N. Y. 


B 6025 | Old Process Linseed Oil Meal.................-+-- 


American Milling Co., Peoria, Ill. 


Amco Old Process Linseed Meal and Old Process 
Screenings OiliWeed. (ns. c meet teeter cater 
Amco Old Process Linseed Meal and Old Process 
Screenings Oil Feed oe: ee cherie sie a iotele ale ene 
Amco Old Process Linseed Meal and Old Process 
DELeenINPs Oil Need secs: estrone eee 
Amco Old Process Linseed Meal and Old Process 
Sereenines OiliWeed to. As..- sien ace ee oe 
Ameo Old Process Linseed Meal and Old Process 
Screenings Oil Feed 


B 6164 
B 6184 
B 6238 
B 6377 
B 6507 


Sampled at. 


Southfield ae 


Rontulrontea-- eee ee 
Rochester:...0.0-seeaee 


Rigen ys noe eee 


Detordir s4o4- ce hee 
Memphis...... Bis dava sia 


AVELEC cy nee ah lot 
{Gt 
Pontiate.., 2.0. \ Ft 
Detrolt: ys cane ease 


Average..........- 


IROMEONe Lan ane Seer 


Average’ at yasrenane 

GF 

Aupustaseeeree F.t 
AUPUStay. oye eee 
AIVerspern nein 

GF 

Bay Citven eee Ej 

Gt 

Coriklings, ee Ff 
INUNICE Ha ctistenee act 
Weolandns. i ccsiaaenics 
IWorenGllsc mitts sissies cer: 
Battle Creek........... 
AVETARE. cise ste « < 


yAbbreviations for guaranteed and found. 


Crude fiber. 


~ 


NINN D NINA AAD AIVOS 
CRROHORODHOHOAWS 


~ 


SoS oO 
HRS 00 


| 


i 
G0 00 CON o 
CoTMmOoSs w 


7 


NIM CO 
BOAO S 


FE 
= 
s| E38 
2/3/23 
ei eel oes 
= 1S) Oo 
eas fe 43.0 6.0 
8.3 | 46.3 8.8 
8.9 | 44.0 Viet 
UX ORY) 6.9 
7.4 | 43.3 7.4 
7.4 | 45.4 6.8 
6.7 | 44.6 8.0 
heed AN Gare 8.1 
eon 4Dek 8.2 
6.7 | 43.5 etl 
Peay || 28528} 7.0 
8.2 | 46.3 9.6 
8.3 | 44.3 12506 
8.8 | 44.1 (A 
8.8 | 45.2 7.9 
7.8 | 44.9 7.8 
Oe 43.0 6.0 
7.5) 43.4 6.5 
8.3 | 43.2 7.3 
7 43.3 6.9 
SeAreceibts 43.0 6.0 
Be2 45 eo 7.9 
8.1 | 43.2 7.0 
8.0 | 46.2 WED 
Tet 
5.0 
8.9 
7.0 
7.9 
7.9 
7.6 
8.4 | 45.0 7.9 
10.8] 19.4] 3.1 | 25.2 
Jaye || PXi)pil 3.8 
9.8 | 19.8 aol 
eee 32.0 6.0 
ORS | BHIE7/ ere 
ey ae 30.0 5.0 
10.6 | 30.9 5.6 
11.1 | 30.6 6.3 
10.2 | 32.6 Bes 
10.0 | 31.3 5.5 
1032'))-32-0 Dail 
10.4 | 31.5 iar 


Price per ton 
or ewt 


3 30 


Laboratory 
number. 
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ANALYSES OF FEEDING STUFFS FOR 1920-1921—Continued. 


Manufacturer and trade name. Sampled at 


LINSEED MEAL.—Continued. 
Archer Daniels Linseed Co., Buffalo, N. Y. 


Pure Old Process Ground Oil Cake................ Holland........ 
Hirst & Bagley Linseed Co., Chicago, Ill. 
Hirst & Bigley Linseed Works Brand............. Grand Rapids... 
Hirst & Bigley Linseed Works Brand............. Coopersville 
Hirst & Bigley Linseed Works Brand............. ETE G RAE pene ens aig 
Hirst & Bigley Linseed Works Brand............. Coopersville 
Hirst & Bigley Linseed Works Brand............. Hudsonville 
Average 


Midland Linseed Products Co., Minneapolis, Minn. 


Old Process Ground Linseed Cake................ Williamston 

Old Process Ground Linseed Cake................ Washington 

Old Process Ground Linseed Cake................ Waylandi ssn neces sen 

Old Process Ground Linseed Cake...............- Alepanspeean oem es 

Old Process Ground Linseed Cake...............- Sheri Cee, Gabe taper 

Old Process Ground Linseed Cake.............-.- Wecumsehs..csces tes 
Average 

Sherwin-Williams Co., Cleveland, Ohio 
Saws Ca linseed! OiliMeal-s cs s55 ae eececs ctece «= FG HT mee or Be 
Spencer-Kellogg Co. & Sons, Inc., Buffalo, N. Y. 
Kellogg’s Pure Old Process Oil Meal.............. New Haven 
The Toledo Seed & Oil Co., Toledo, Ohio 

Major Brand, Old Process Oil Meal............... Fowlerville...... 

Major Brand, Old Process Oil Meal..............- LG EAR Ce Raine eee 

Major Brand, Old Process Oil Meal............... Parmaee eee 

Major Brand, Old Process Oil Meal...........-.-. ansin gee ee 

Major Brand, Old Process Oil Meal............... Mt. Clemens 

Major Brand, Old Process Oil Meal..............- Belmont......... 

Major Brand, Old Process Oil Meal............... Petoskey......... 

Major Brand, Old Process Oil Meal............... Petoskey......... 

Major Brand, Old Process Oil Meal............... Zeeland: 22:25:22 

Major Brand, Old Process Oil Meal............... Howells.) 355255 

Major Brand, Old Process Oil Meal.............-. Hamilton. 2.2: 
Average 


CORN GLUTEN FEED 
Corn Products Refining Co., New York, N. Y. 


Bufialo Corn Gluten: Weeds .42nscce nes seec cess: Washington 

Buffalo Corn Gluten Feed..........00..0cce0000- Masontre 5: Sse 

Buiffalo|Corn’ Gluten Feed: 025 9222. os 222a0 seo - Birmingham 

Buffalo Corn Gluten Feed..................-+.+- Spartass-ssas ca 

Buffalo'\Corn Ghiten Feeds ....5s.0.5..cec6cecc cece iHolandesesee eee 
Average 

The Huron Milling Co., Harbor Beach, Mich. 
Jenlas'Corni Glutensl cede 5 a8 as. sass isctestoe snes Kalamazoo 
venks Corn\GlitenB cede aag een senna cos conse Harbor Beach 


HOMINY FEED 
Kellogg Toasted Corn Flake Co., Battle Creek, Mich. 


BoC awihitesHominysh coeds. cee eacesresc seine Battle Creek... . 


Postum Cereal Co., Battle Creek, Mich. 


Bi6520)/ "Burts Hommy; Feeds... ssdeeasteese nc cane Battle Creek... . 


TAbbreviations for guaranteed and found. 


a 
3 3 Po 
g¢|/eBla/2 
z//3/82 
fe | ee lle 
= 1S) 16) 6) 
a ae 5.0 | 10.0 
9.6 ett || ke 
Roe as BID). 
Sez GA || ee 
9.4 6.6| 7.7 
9.3 |) ee 
9.0 2 | ey 
10.8 6.0| 7.2 
9.4 || Fee 
ae 0] 6.0] 9.5 
10.5 8 |) SON) SEO 
10.2 | 29. TAS Tae 
9.2 | 30. TES 78S 
8.9 | 30. 7.9| 8.2 
10.9 | 30. TEMAS 
9.7 | 29. 8.5 | 8.0 
eee —— 
9.9 HONE 
Reet 5.0| 9.0 
9.0 6.3 | 7.7 
ee 5.0 | 10.0 
9.9 6.5| 8.5 
agen, 31.0| 6.0| 10.0 
9.9 | 28.9] 7.2) 9.3 
10.3 | 32.0] 6.9] 7.9 
10230 (R316 | a6: | 983 
9.6 | 29.9] 7.6] 8.2 
9.4 | 30.7| 6.4] 8.2 
9.4| 30.3] 6.6] 8.5 
10.7 | 29.7] 6.8] 8.2 
10.5 | 29.3] 6.6| 8.3 
9.4| 30.5] 6.6] 8.5 
9.9 | 34.5| 6.6] 7.6 
10850 agbetal Gale 729 
10.0 | 31.1] 6.8] 8.4 
aes 23.0 1:0 | 8.5 
9.7| 30.3] 3.2] 5.6 
SHON 26e3i seo) eas 
10287} 26:45|)207,\\) 1883 
9.0| 28.0} 5.2] 6.6 
9.8| 25.8] 5.4] 7.0 
att || Biel Zoi | Fee 
eee 22.0| 3.0] 8.0 
94/292] 2.2] 6.5 
eik || DEA |) AG) | GES: 
9.3| 26.8] 2.6] 6.9 
nee 6.0 
8.6 72 
= aoe 6.0| 5.0 
S17 6.4} 3.8 


Price per ton 
or cwt. 
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| 


Laboratory 
number 


B 6371 


B 6299 


B 6362 


B 6190 


B 5914 


B 6355 


B 6171 


B 6198 


B 6086 


B 6502 


B 6245 


B 6128 


B 6129 


B 6203 


B 6286 


B 6526 


B 5997 


B 6521 
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ANALYSES OF FEEDING STUFFS FOR 1920-1921—Continued. 


. 


Manufacturer and trade name. Sampled at. 


_ CORN FEED MEAL 
Amendt Miiling Co., Monroe, Mich. 


~Amco~ Corisheed Meéaleunsemenacce ce civek ace. Monroe......... { if 
Armour Grain Co., Battle Creek, Mich. : 

Corn Reedh «0%. komt Ce ree occ cea anes ie Battle Creek... . { ie 
Commercial Milling Co., Detroit, Mich. Gs 
Henkel’s Coarse Feed Corn Meal................. Detrotieew ee { Ft 
Hankey Milling Co., Petoskey, Mich. , Gt 

orn! HeediMealiseeeenme ce aces ceases «is aloe Mes Petoskey........ { Ft 
Saginaw Milling Co., Saginaw, Mich. Gs 
GornecdiMeals att Secrets ck. face enw Saginaw........ \ F.t 
David Stott Flour Mills Co., Detroit, Mich. ‘a4 
Worm Reeds Meat (54s ok he tee ters repre eee Detroltove aes { F.t 
Watson Higgins Milling Co., Grand Rapids, Mich. (a4 
ic eayenMm Otie lam MaC Mra a|E Se Wine Cae 
ANIMAL BY-PRODUCTS Se Back 

Armour Fertilizer Works, Chicago, fll. ‘ 

Armour’s Meat Scraps Medium Meat Residue......} Pontiac......... \ it 
E. H. Bok & Dr. Tacoma, Hudsonville, Mich. Gt 
Tank are se he ee SEG ose cate Ae ae elee eee Hudsonville. .... { ry 
Chicago Feed & Fertilizer Co., Chicago, III. a4 
Magic Brand Meat|Scraps. ...........0.+00ss0s Comstock Park. \ F.t 
Darling & Company, Chicago, lil. G+ 
Darlings Granulated Bone: di... sees cence sie Grand Rapids... { F+ 
Gt 

Darling sMeatiScrapssta- case oe sci tatane eee Grand Rapids... { Fj 
Grand Ledge Rendering Co., Grand Ledge, Mich. 1+ 
Tankagetes: 8m 8hr Ve eee coe te eee et eel Grand Ledge.... | F.t 
Hartman Tankage Works, Grand Rapids, Mich. G4 
Wankdoeieer .nies san china ee es solos eee Grand Rapids... { F+ 
Morris & Company, Chicago, Ill. G+ 

Big Sixty Meat Meal Digester Tankage........... Buchanan....... { F.f 

J.L.& H. Stadler Rendering & Fertilizer Co. 

Cleveland, Chio G+ 

Stadler’s 60% Digester Tankage.................. Worianeer cadet. (et 
Standard Chemical Corp., Kalamazoo, Mich. Gt 

POY NGN GEV (GU Iyohel cf ed Si Re ge See RE RMN nce oT Kalamazoo...... { Et 


{Abbreviations for guaranteed and found. 


. 


Crude protein. 


Crude fat. 


Crude fiber. 


ee 
S 


Price per ton 
or ewt. 


$24 00 


30 00 


sels ainpbrete 


6 75 


see eee 


4 50 


4 90 
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ANALYSES OF FEEDING STUFFS FOR 1920-1921—Continued. 


r= 
2s Manufacturer and trade name. Sampled at. 2 es Ss = 54 
Ss 5 CO) © o ae 
5g a a=! so oS oo 
Qa S z = z ao 
re = io) S) 1S) AY 
ANIMAL BY-PRODUCTS—Continved. 
Wilson & Co., Chicago, III. 
RiGsT |e setete <te 60.0} 6.0) 6.0 
B 6015 | Red “W” Brand Protein Tankage............... Salinebae ack ces ¢ | Ft Gevaienr 24a) 6820) ord meen 
ALFALFA MEAL 
The Albert Dickinson Co., Chicago, III. 
(GSTs lieraetotels 12.0 LE Clad 
GOLGI eAlltalteavl cr leer tents aol ee pels ociemiotiey caterers Oywossossceres ce Leth enle| hGe4g|) 3) eo 888 $2 50 
Chas. A. Krause Milling Co., Milwaukee, Wis. 
Pil eee 14.0 1.0 | 80.0 
Riga bilpbadrervAltalfs, Menlo as cee. aclemekigncee om ae cle Detroites. 2a: Esta Oe on elbe2y | 6275: 2 50 
Triangle Milling Co., Kansas City, Mo. 
; fe da eee 14.0| 1.5 | 30.0 
BGg 00) (een alten Meal? 5 tc rain's, oo. c-aathnattusieecie< tae.sis alesis Jacksonis.c.. 0s VEE LOR On LS Sh had sOk | 24 Ase corer 
H. P. Zwemer & Son, Holland, Mich. a4 
PCa | cattalfa Meals 6 nd, 2d ihe veiae de Saris san Gite ih Holland. ....... Vet | List| deo) aS | 5406) [cs cr... 


{Abbreviations for guaranteed and found. 
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1. An Old Indian Corn Clearing 


The farthest north and one of the most ancient of Michigan’s Indian 
corn clearings, located on the banks of the St. Mary’s River in Chippewa 
county. 

These clearings were visited annually by the Indians for the purpose 
of planting and harvesting a crop of corn and were very numerous, par- 
ticularly in the Lower Peninsula in the days of the early settlement of 
the State. 

The following, quoted from a recent letter from Mr. Otto Fowle of 
Sault Ste. Marie, gives some interesting information in regard to the 
early history of corn growing by the Indians :— 

“The Indian name for the river and vicinity was Mash-ko-de-sa-ging, 
which signified openings of fields near the rapids. 

These fields were undoubtedly formerly cultivated by the Indians, on 
which were raised corn and squashes, but at a time beyond the memory 
of present inhabitants, and I find no written account of this cultivation 
more than that Jacob M. Howard, Attorney for the claimants in the 
Repintiguy case, visited this spot in 1862 and found a small encampment 
of Indians there. 

The Jesuit Fathers who founded the Mission at the Sault in 1668, im- 
mediately began the cultivation of corn. Galinee, the Sulpitian priest 
who visited the Sault in 1680 writes, “They—the Jesuit Fathers—have 
a large clearing well planted from which they ought to gather a good 
part of their sustenance; they are hoping to eat bread within two years 
from now.” This of course was corn bread, as wheat raising was not 
attempted. 

In the trial of the Repintiguy case, referred to, which was in relation 
to events which occurred at the time of the building of the French Fort 
at the Sault-1751 to 1755, the following testimony was adduced: “He- 
Repintiguy-has engaged a Frenchman who married at the Sault Ste. 
Marie an Indian woman, to take a farm; they have cleared it up and 
sowed it and without a frost they will gather from 30 to 35 sacks of 
corn.” 
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J. F. COX AND J. R. DUNCAN, FARM CROPS SECTION 


Corn growing is one of Michigan’s greatest industries. During the 
year, 1919, Michigan’s corn crop was worth between $80,000,000 and 
$90,000,000, its value being greater than that of any other crop produced 
in Michigan. Michigan’s corn growing counties are marked by thrifty 
herds of cattle and numerous flocks of hogs and sheep. The silo has extend- 
ed her corn growing sections far to the north. The great stock-feeding and 
dairying interests, and the large food products industries of Michigan 
are largely supported by the corn crop. The production of corn compares 
favorably with Michigan’s leading industries. The value of the corn 
crop approximately equals the total annual output of Michigan’s copper 
mines, or iron mines, and exceeds the value of her furniture industry 
in normal years. 

“The big business” of corn growing differs from other large industries 
such as automobile production, copper and iron mining, etc., in that its 
direction is not in the hands of a relatively few captains of industry, 
with specialists assigned to particular details of production, but it is 
owned and managed by several hundred thousand independent corn 
producers, each of whom must know the details of his business. The 
degree of success of the individual is largely in proportion to his knowl- 
edge of corn growing. Those who employ improved methods in select- 
ing and storing seed corn, preparing the land, fertilizing and cultivating 
the crop, ete., are assured of a marked advantage over the corn grower 
who does not follow these methods. The prosperity of the State, and of 
individual farmers growing corn, is influenced in a large measure by the 
success of the corn crop, and it is to the interest of both the State and 
corn growers to secure the wide spread use of the methods which the 
most successful producers have found best. 

For the past 15 years, Michigan’s average production has been 
53,000,000 bushels with an average yield per acre of 32.3 bushels. This 
average yield compares very favorably with the yield per acre of lead- 
ing corn belt States, but double this yield or more can be expected on 
average corn land as a result of the employment of proper cultural 
methods. There is substantial reason to believe that greater care on the 
part of the majority of corn growers in choosing adapted varieties, se- 
lecting seed, preparing the land, and cultivating the crop, will bring 
about a very considerable increase in the total production and in the 
average yield per acre. 
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MICHIGAN CORN YIELDS 


| 
Average Total Average Total Average 
YEAR. Acres yield production price value value 

harvested. per acre. (000 omitted). | December 1. | (000 omitted). per acre. 

Acres. Bushels. Bushels. Dollars. Dollars. Dollars. 
MORE Herre tie ciclo. wie’s 0b s.xtes. 1,229,000 34.0 41,776 0.46 19,217 15.64 
EUG horse cco eislerniais.3 o.:8 1,475,000 37 0 54,575 0.44 24,013 16.28 
LLY Oe a aera 1,900,000 30.1 57,190 0.55 31,454 16.56 
MOS acon. 2 3 eels oes ards 1,900,000 31.8 60,420 0.64 38,669 20.35 
MOOG oc stereo cle. vivocin Homes 1,590,000 33.3 52,907 0.61 32,273 20.31 
LORD Resa me cls. arose. Soke 1,670,000 32.4 54,108 0.53 28,677 17.17 
PTE oc eietave a, s ecnreises soa 1,690,000 33.0 55,770 0.65 36,250 21.45 
MOT riatolsatatele ois.ecsls,<; ere 30 1,625,000 34.0 55,250 0.57 31,492 19.38 
URNS ete ners iste, stake aveseaet es 1,675,000 33.5 56,112 0.67 37,595 22.44 
MA. Acta clan siore atm wienare sve oom 1,750,000 36.0 63,000 0.67 42,210 24.12 
BO eee crate a tivenie sine Se 1,750,000 32.0 56,000 0.68 38,080 21.76 
ROIG Ss Soetic sci nis.sceetiecas 1,650,000 27.5 45,375 0.95 43,106 26.12 
PGi aaa cata ec ciss 3, 1,750,000 21.5 37,625 1.82 68,478 39.13 
iC ase as SA ee eee ata 1,610,000 30.0 48,300 1.30 62,790 39.00 
IGT ete sate ot wots cere we 1,650,000 39.0 64,350 1.38 88, 803 53.82 
AVETASOS: ce Save see 1,660,933 32.3 53,517 0.79 41,540 24.90 


The foregoing table, compiled by Mr. V. H. Church, Federal Crops Statistician of Lansing, Michigan, gives acreage, yields 
and prices of the Michigan corn crop for the past 15 years. 


MICHIGAN CORN VARIETIES 


The study of corn in Michigan corn fields, stored in Michigan corn 
cribs, or assembled for exhibit at local corn shows has established the 
fact that in many localities there are too great a number of varieties. 
It is not uncommon to find as many as thirty or forty different varie- 
ties exhibited at a single corn exhibit. These varieties vary markedly 
in appearance, ranging from carefully selected strains of proper adapta- 
tion and high yielding ability to varieties apparently too late or too 
early in maturity for the community and showing little improvement 
through breeding. The range in color includes the standard yellow, 
white and white cap varieties, and strains of red, red splashed and blue 
corn, and frequent mixtures. 

Careful variety tests have proven that these varieties vary as much 
in yielding ability as in appearance, certain ones being capable of yield- 
ing many bushels more under the same conditions than the majority 
of the varieties in the tests. 


THE BEST VARIETIES SHOULD BE ACCEPTED AS STANDARDS 


Fortunately there are men in practically all Michigan corn growing 
sections who have taken great interest in the development of well adapt- 
ed and high yielding strains of corn, and who have, by years of careful 
selection, laid a foundation for the standardization of Michigan corn 
varieties. It is of the utmost importance to the individual grower and 
to the corn crop of the State that these better varieties be more widely 
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grown in the sections in which they are superior. It is also important 
that the methods of selection, and care of seed employed by Michigan’s 
best corn growers in the development of these varieties be more widely 
employed. 

By observing the yielding ability in the field of improved varieties 
for a number of years and assembling these varieties and numerous 
others of promise in carefully conducted variety tests throughout the 
State and at the Michigan Experiment Station, it has been made pos- 
sible to designate, according to sectional adaptation, the leading corn 
varieties, which may be taken as dependable standards. Without doubt 
future experiments with corn varieties may develop even better strains 
and establish new varieties, which may replace many of the present ones, 
but it is certain that the varieties here designated have proven their 
adaptation and yielding ability, and are much superior to the majority 
of ordinary varieties usually grown. 


APPROXIMATE SECTIONAL ADAPTATION OF LEADING 
MICHIGAN CORN VARIETIES 


Section 1—Southern Michigan: 


The Duncan Yellow Dent, Early Reed’s Yellow Dent, Early Leaming, 
Murdock, Early Silver King, Folks White Cap, Golden Glow, Lawrence 
Yellow Dent, and Pickett Yellow Dent. 

For silage these varieties and varieties from northern Ohio, northern 
Indiana, northern Iowa, and northern Illinois which are early enough 
to reach the dented and glazed kernel stage of maturity. 


Section 2—Central Michigan: 


Pickett Golden Glow, Geddes Early Silver King and Folks White Cap. 
For silage, these varieties, and varieties from Section 1. 


Section 3—Northern Michtgan: 


Early Golden Glow, Wisconsin 12 and No. 25, Early Pickett, North- 
western Dent, Ogemaw White Cap and Flint varieties. 
For silage—these varieties, and varieties from central Mchigan. 


Section 4— 


No safe grain maturing varieties. The varieties of Section 3, are 
recommended for silage under conditions where silage can be produced. 

The accompanying map shows graphically the approximate adapta- 
tion of varieties listed. It must be kept in mind that definite boundaries 
cannot be established, and that exceptionally cold and late soils in 
southern localities require early strains such as are characteristic of 
more northern sections, while favorably located, quick growing corn 
soils in northern sections, particularly near Lake Michigan, can produce 
later strains than the average soil of the region. 
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County Agricultural Agents and the Farm Crops Department of the 
Michigan Agricultural College are in position to give information con- 
cerning varieties and source of dependable seed for established corn 


growing sections. 
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DESCRIPTION OF MICHIGAN CORN VARIETIES 


In order to give definite information concerning varieties of known ex- 
cellence as shown by variety tests, the men who developed these varie- 
ties, or have grown them for a number of years, were requested to state 
the methods followed in establishing their respective varieties.. A brief 
summary of the history of each variety is included with following 
description: 


EARLY SILVER KING 


The Early Silver King is a white variety introduced into Michigan 
from two sources; from northern Iowa, where it originated, and Wis- 
consin, where it has been widely distributed after selection and adapta- 
tion, as the Wisconsin No. 7. The ear is usually from 814 to 91% inches 
in length and 634 to 734 inches in circumference. It ranges in season 
from 100 to 130 days. Food products industries using corn pay a 
premium for white corn. The following men who have been instrumental 
in introducing this variety have given brief statements of source and 
selection methods: 

Farley Bros., Albion, Calhoun county, secured seed of Silver King 
seven years ago from northern Iowa. They followed hill selection and 
saved the best type of ears for seed. The estimated maturity is 110 to 
120 days on soils of variable Coloma loam. ; 

Mr. C. P. Milham, Kalamazoo, Mich., secured Wisconsin No. 7 strain 
of Early Silver King from Wisconsin nine years ago. He has prac- 
ticed field selection of ears on the stalk for his own seed and selected 
for type from this field selected seed. 

His soil is mostly clay loam or sandy clay loam. The average length 
of season required for maturity for this strain of Wisconsin No. 7 is 
110 to 125 days. 

Mr. D. A. Geddes, Swan Creek, Saginaw county, secured Early Silver 
King or Wisconsin No. 7 from Wisconsin nine years ago. It has been 
his practice to always gather seed before corn was harvested, picking 
the early maturing ears from hills containing 2 to 4 strong, well devel- 
oped stalks, saving the ears that were 8 to 9 inches long, carrying 16 
to 20 rows, with good length of kernel at the tip and butt, growing about 
half way up the stalk, the ears drooping slightly so that rain would not 
injure tip of ear. 

The soil is a clay loam. The estimated time for maturity is from 
100 to 115 days. 


PICKETT YELLOW DENT 


The Pickett Yellow Dent is one of the oldest and best established 
varieties of lower Michigan. The ear is cylindrical and slightly taper- 
ing, measuring from 7 to 9 inches in length and 61% to 71% inches in cir- 
cumference. The number of rows vary from 16 to 20. The kernels are 
medium to deep, compactly arranged on cob. Adapted strains of this 
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variety are safe throughout Sections 1 and 2. It produces a medium 
stalk growth. 

The Pickett variety is one of the most carefully selected native 
strains. It originated from a distribution of extremely early Reid’s | 
Yellow Dent, secured by the Michigan Agricultural College from northern 
Illinois in 1885. The original strain was too late for widespread suc- 
cess when introduced. After years of careful selection it has been made 
dependable over a wide area. 

Mr. J. W. Pickett of Caledonia, Kent county, states the following 
regarding the Pickett variety: 

Mr. W. E. Boyden, Delhi Mills, Michigan, secured some seed from the 
Michigan Agricultural College and grew it in 1889. Mr. Pickett se- 
cured seed from Mr. Boyden in 1890 and has grown it ever since. 

The ordinary method of saving the best type of ears at cutting time 
and husking time was followed until 1906. In 1906 he commenced to 
improve his corn by testing out several selected ears by the ear row 
test and remnant method, planting a part of each ear and preserving 
the remainder for the purpose of bringing the high yielders together the 
following year in a breeding plat. He has followed these methods with 
modifications since that date. 

According to type selected, the Pickett corn requires from 95 to 110 
days for maturity. This variety was developed on clay loams and loams. 


4. PICKETT YELLOW DENT 


One of Michigan’s oldest and most highly improved varieties. Known as a dependable 
grain maturing variety in southern and central Michigan. 


DUNCAN YELLOW DENT 


The Duncan Yellow Dent was developed by Mr. J. R. Duncan of Vicks- 
burg, St. Joseph county. This variety is fairly well known in southern 
Michigan counties. The ears range in size from 8 to 9 inches, and carry 16 
to 20 rows of kernels. The kernels are keystone shaped, medium deep, 
with remarkably large germs. The stalk is broad leafed and vigorous. 

The seed which formed the basis of the present variety was bought in 
1908 at Ossian, Indiana. 

The method of selection followed was as follows: 

Selection always from standard stalks. Ear to row work followed 
two years. Briefly stated, the best ears from strong, medium sized, 
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disease free stalks, standing in a full hill and surrounded by a full stand, 
were selected in the field before husking time. The best type from these 
ears was later selected for seed. The average length of season required 
for maturity is 110 to 130 days. The soil on which the Duncan was de- 
veloped is a loam, fairly light in nature. 

At present Willis Wahl and Schrader Bros. of Centerville, Michigan, 
are continuing the work of improving this variety in St. Joseph county. 
Farlier strains of Duncan, which have been brought out by ear row 
work at the Michigan Agricultural College, will be distributed in 1920 
and 1921 throughout central Michigan. 
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5. DUNCAN YELLOW DENT 


An excellent variety for southern Michigan and well liked for silage purposes in south- 
central counties. 


THE GOLDEN GLOW VARIETY 


This yellow dent variety was introduced from Wisconsin. It is a 
vigorous grower of wide adaptation. The ears are of a golden yellow 
color, slightly tapering, 7 to 9 inches in length, and from 614 to 734 
inches in circumference. The kernels are of a keystone shape for 
southern Michigan strains and a keystone to round for northern Michi- 
gan. The rows number 16 to 20. 

Strains of this variety are grown in all Michigan corn growing sec- 
tions. It is of particular importance in the central and northern dis- 
tricts. 

Mr. C. V. Town, of Greenville, Montcalm county, states the following 
in regard to Golden Glow: 

He secured seed four years ago from Jefferson county, Wisconsin. 
Selected seed from portions of the field where the most perfect develop- 
ment was to be found, avoiding the high ground where for lack of mois- 
ture the fertile plants might become dwarfed in any way. He also avoid- 
ed the low places where lack of fertility might cause undue stalk growth 
and a tendency to late maturity. He selected seed from stalks where 
stand is full, avoiding the ear set on long shanks, or ears set too high 
or too low on the stalk. In selecting seed ears Mr. Town avoided ears 
with course, open butts or long tapering tips with pointed kernels. 

Mr. Town began ear to row work in 1919 with 55 eats from the best 
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stock obtainable from above method of selection. His soil is mostly 
clay loam, and time of maturity estimated at 110 to 120 days. 

Mr. Olaf Nelson, Aloha, Cheboygan county, states that the original 
source of the Nelson’s Golden Glow was the Wisconsin Golden Glow of 
an early strain from Wisconsin. The selection has continued 4 years 
in Cheboygan county. 
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6. GOLDEN GLOW. 


A widely adapted variety. Larger strains are available for southern Michigan, earlier 
strains for central Michigan, and extremely early Golden Glow is grown in northern 
counties. 


The seed is carefully field selected, saving those ears true to type, such 
ears as are fully matured and free from disease. The seed is hung in 
the seed house, kept from frost and dried by artificial heat. 

Karly maturity is one of the chief points considered in selection work. 

The soil is loam with clay sub-soil. The time of maturity is 95 to 
105 days. 
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7. FOLKS’ WHITE CAP. 


A high yielding, early maturing variety, well adapted to south central and southern 
Michigan. (Sec. 1 and lower part of Sec. 2) 


EXPERIMENT STATION BULLETINS. 433 


] RHARLY GOLDEN GLOW—WIISC. NO. 12 & 25 


The Wisconsin No. 12 usually matures in northeastern Michigan, with 
only occasional failures. It produces fairly large ears, kernels rather 
short, and cobs somewhat large for damp autumn seasons. This strain 
of Golden Glow is adapted to Section 3, particularly the southern and 
western area. 

The type Wisconsin No. 25, of early Golden Glow matures about 10 
days earlier than type No. 12. The kernels are rather short and ears: 
about the size of the Ogemaw White Cap. The stock of No. 25 was 
obtained from the northern Wisconsin Experiment Station at Spooner, 
Wis. This early strain is best adapted to northeastern Michigan and 
the upper regions of Section 3 and Section 4. 


FOLKS’ WHITE CAP 


This variety was developed by Mr. William Folks of Hanover, Jack- 
son county. It is an exceptionally uniform white cap variety and has 
given excellent yields in southern and south central Michigan variety 
tests. It has a vigorous stalk and is highly appreciated both for grain 
and silage purposes. The ears range from 7 to 9 inches, are slightly 
tapering, and carry 16 to 20 rows of kernels of medium depth. Mr. 
Folks has given attention to the selection and improvement of this corn 
since 1905. It is one of the best yielding varieties for southern Michigan. 


LAWRENCE YELLOW DENT 


This variety was originated by Mr. L. L. Lawrence, of Decatur, Mich. 
It is a yellow dent variety, well adapted to southwestern Michigan. The 
ear ranges from 8 to 914 inches in length, carries from 16 to 22 rows of 
kernels. The kernels are of medium depth, and the indentation is rough. 

Mr. Lawrence states that he “has grown this corn upwards of 20 years 
on slightly sandy loam, underlain with clayish, gravelly sub-soil.” He 
has practiced hill selection and estimates the maturity of his corn at 100 
to 120 days. The original strain was a Turkey-track type. The pres- 
ent strain of Lawrence Yellow Dent shows only occasional red hull mark- 
ings. 


EARLY REID’S YELLOW DENT 


The early strains of Reids’ Yellow Dent mature safely in Michigan’s 
southern-most counties. The leading variety in Branch county variety 
tests, for the past 2 years, has been an arly Reids’, grown by Mr. Coff- 
man for the past 11 years. 

The ears are from 9 to 10 inches in length and carry 16 to 20 rows 
of kernels. The color is medium yellow, the sides of kernels being 
slightly darker yellow than crown. The kernels are broad and fairly 
deep, with large germs, and compactly arranged in row. The cob is 
small, ears cylindrical, butts and tips well curved. 

This variety matures safely in favorable locations of Michigan’s 
southern tier of counties and is utilized as a silage variety throughout 
southern Michigan. 


55 


434 STATE BOARD OF AGRICULTURE. 


EARLY LEAMING 


The Leaming is recognized as one of the oldest varieties. It has un- 
doubtedly formed the foundation of several Michigan corn varieties. 
Earlier strains of Leaming mature in southern Michigan and it is well 
known as a silage variety in southern and central Michigan. The ears 
vary from 714 to 9 inches in length and are characterized by a distinctly 
tapering shape. The indentation of kernel is smooth, grains medium 
to deep and variable in thickness. The color of Leaming is a medium 
yellow tinged with golden. This variety is too long seasoned to be grown 
safely, except on the good corn growing soils of southern Michigan 
counties. 


MICHIGAN YELLOW DENT 


This variety, developed in Jackson county, is grown chiefly in south- 
eastern Michigan. The ears are from 8 to 9 inches in length with 16 
to 18 rows of kernels of medium depth and medium indentation. The 
ears are symmetrical and quite uniform, This type is dependable in 
yield and adaptation in southern Michigan counties. 


PRIDE OF MICHIGAN 


The Pride of Michigan is a yellow dent variety of long standing in 
southern Michigan. Early strains are established as far north as Sagi- 
naw county. The type is thoroughly acclimated in southern Michigan. 
The ears are uniform in size, slightly tapering, being from 8 to 10 inches 
in length with 16 to 20 rows of kernels of medium depth. Color is light 
golden. This variety is recommended for southern Michigan and early 
strains for central Michigan- 


NORTHWESTERN DENT 


The original stock of the Northwestern Dent variety was secured from 
North Dakota, 8 years ago by Mr. E. E. Evans of Ogemaw county. As 
received, the stock was mongrel, showing variations from “dark turkey 
red to yellow and many types of kernels:—Dent, Hackberry, and Flint. 
The improved strain of Northwestern Dent bears little resemblance to 
the original stock. The cobs are small, drying out readily and quickly. 
The kernels are the deepest of any dent corn grown in northern Michigan 
which matures regularly; color, reddish with pale caps. Light colored 
ears appear rarely in improved stock. 

This stock matures safely in north-central Michigan. 


OGEMAW WHITE CAP 


The Ogemaw White Cap is a white cap variety, 5 to 6 inches long, 
maturing in from 90 to 100 days and adapted to northeastern Michigan. 
It was originated by Mr. E. E. Evans of West Branch, Ogemaw county, 
from stock obtained from Calhoun county 26 years ago. This variety 
is a standard variety of Ogemaw and neighboring counties. 
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BARLY FLINT VARIETIES 


Early Flint varieties are as a rule the earliest grain maturing varie- 
ties) The 8-Row Yellow, Early Mohawk, King Philip, Smut Nose or 
Red Blazed, and Rainbow Flint are the best known Michigan varieties. 
Of these the 8-Row Yellow is one of the earliest, maturing in from 80 
to 90 days. 

The Smut Nose or Red Blazed Flint is one of the most widely grown 
flint varieties. The color is yellow, and the tips of smutty or bronzed 
appearance. The ears are usually 8 rows, from 9 to 11 inches in length. 
The stalks are about 7 feet high. 


8. Flint varieties are adapted to regions of short seasons in northern Michigan, and are 
used occasionally for replanting or planting at late dates in southern and central 
Michigan. 


The King Philip Flint is one of the oldest varieties and known as a 
productive strain, often bearing several ears per stalk. The ears are’ 
from 10 to 13 inches long; the color deep red with occasional light 
crowned kernels. It-is shown as a hardy flint variety and is a vigorous 
stalk producer. 

The Early Mohawk was developed in northern Michigan counties from a 
variety from New England. It is a large type with ears from 10 to 18 
inches long; red in color, with lighter color at crowns of kernels. 

The Rainbow Flint is a mixed vari-colored strain found growing in 
Alpena and Presque Isle counties. 

The Yankee Dent or Poorman’s corn is an early variety intermediate 
between Dent and Flint, having broad, shallow, pale yellow or cream 
colored kernels. This variety is adapted to sections of short seasons 
and poor soils, and is sometimes used for replanting or planting at late 
dates in central and southern Michigan. 

Flint varieties are adapted to planting in sections with too short a 
season for the proper maturity of Dent varieties. During recent years 
early types of Dent corn have rapidly replaced the Flint varieties. - 
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. VARIETIES FOR SILAGE 


The highest yields of food material per acre are secured from corn 
Which reaches maturity. Under average conditions, a variety which 
reaches the dented and glazed kernel stage of maturity, with the lower 
leaves of plant turning brown, will produce the most nutritious and most 
palatable silage. Approximately two-thirds of the digestible food value 
of corn is in the ear, and hence varieties which produce a good ear will 
make silage of richest feeding value. It is possible, however, to grow 
varieties that will not produce sufficient tonnage and mature too early 
for ensilage. Large growing leafy plants, which will produce ears that 
reach the dented and glazed stage or hard dough stage of maturity, fill 
all requirements. Corn which has reached full maturity is usually too 
dry to produce the most palatable silage, even though water is added. 


9. The silo has extended Michigan’s corn growing section far to the north and provides 
insurance against loss of crop during seasons of early fall frosts. 
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The Silver King and Duncan varieties, for instance, are splendid silage 
varieties in central Michigan, while in southern Michigan Reid’s and 
Leaming, of northern Ohio and northern Indiana, make excellent silage 
corn. In northern Michigan the Golden Glow, and Early Silver King 
from central Michigan, make good silage. 

Extremely large growing types, such as the Red Cob Ensilage, furnish 
a large yield per acre of silage material, carrying a much higher water 
content and less food value than silage of greater maturity. The dairy- 
man, living near large cities with a limited acreage, who buys most of 
his feed, may find these types of use in giving him the largest yield of 
succulent roughage per acre on his high priced land. The average 
dairyman and farmer, however, usually has plenty of land and is more 
limited in silage space and desires to save as much as possible on con- 
centrates. For him, a thrifty variety which reaches a more advanced 
stage of maturity is the best for silage. 


VARIETY TESTS FOR CORN 


In view of the variability of the soil and climatic conditions in Michi- 
gan, and hence the great variation in adaptation of corn varieties, the 
Farm Crops department has found it advisable to conduct numerous 
corn variety tests well distributed over the State, as well as at the Ex- 
periment Station. 

These tests show that there is a great difference in the yielding ability 
of varieties grown in all Michigan corn localities. Some strains will 
out-yield others by 40 to 50%. Taking the year 1919, for example, in 
24 tests the average of the highest yielding varieties was 59.21 and the 
average of the lowest yielding varieties was 35.44 a difference of 23.77 
bushels. 

Without doubt, if the leading varieties of various districts were 
adopted as standards, corn yields would be greatly increased. Corn 
variety tests, the past few years, have shown that there are many local 
varieties of merit which should be more widely grown. 

The accompanying table, No. 2, gives the yields of typical varieties in 
tests held in a number of Michigan counties in 1919. 

Table No. 3 gives the yields of a number of representative Michigan 
corn varieties in variety tests conducted at the Michigan Agricultural 
College. 
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TABLE NO. 2— 
*SECTIONAL VARIETY TESTS—CORN 1919 
YIELDS OF STANDARD AND LEADING VARIETIES 


(BUSHELS PER ACRE) 


SOUTHERN 
Geddes | Mil- Put- 
No. in} Golden | Dun- | Hols Pick- Ely ham’s | nam’s | High Low | Range 
County. test. | Glow. | can. | Gan” | ett. | Silver | By. Sil | Golden | Yield. | Yield. | yitig 
| ar King. |ver King.| Glow. We 
SALT Yte ce arenes 2 11 poe 55.50 55.64 45.61 31.95 56.88 34.6 58 .90 31.95 26.95 
Reids 
VAD: 
Branch Al......... 8) 5490071422 50 ol S940 lee e tx laa cereac A330) es ona 56.10 | 39.40 16 70 
Murdock 
Branch B1......... 14 40.00 32.57 34.50 Bay (Ue ae eae 43S ala tee ctes 48.3 26.90 21.40 
Cage 22s ccnas cece 10 50.20 30.30 48.70 OO) OON epee ADS ODE ereretece cysts 50.50 30.30 20.20 
45.64(B) 
Calhoun -j..cee see 6 50.43 37.30 40.76 32.68 [poecees3||oooueces 46 0 50.40 32 68 17.72 
Livingston......... 7 46.11 44.06 56 44 36.68 43.10 40 91 41.99 56.40 36.68 19.72 
Monroes.a2-eacecee 10 | 110 8 139.00 | 102.7 96.80 | 101.0 127 20 | 90 72 | 139.20 90.72 48.48 
Shiawassee......... 12 60.66 44 28 46.33 54.63 45.48 50.96 52 66 60 66 42 50 18.16 
A. | | | fone 
W.C. 
Van Buren......... 19 33.91 | 36.86 35.53 oo Le 40.30 31.08 30 09 41 50 19 20 22.40 
B. | 
Want Buren. 2.05. = 15 36.26 | 35.06 36.70 35.30 28.50 32.90 30 2 36.70 21.50 15.20 
C. | 
Van Buren......... 12 SONIA hee sins alse eevee 30.50 QT EQN sectors 37.68 36.11 21.00 1511 
WiaYNGs)ict..22 t= 11 52.89 68 69 42 44 48 .50 48 83 44 26 46.74 68 .69 42.44 26.25 
CENTRAL 
Rent eeaya: sti .osec 12 27.81 | 23.65 15.98 25 97 iC} 25.63 32.95 32.95 17.10 15.85 
Local 
Yap: 
sbuscolaiees<nc7c1055 UD OGD) | ese ca: 74.30 | 81.8 60.00 | 77.20 | 77.4 | 103.00 | 60.00 43 .00 
NORTHERN 
Cheboygan........ 120] “SovS2el) toOe 00 eseceyee AL GL. coacerlsracraswre 65.00 | 65.00 | 30.34 34.66 
Benzie Co. 38.40 N | 
Average 8 tests .... D7? || 20S B eRe eters ate AOLOO\W Si... ADDON Mt mr areracs 39.96 | 42.00} 23.00 19.00 
AV erares DAiLOBLS sco cice ol iscmeescelciteeeees | sia Sle ct eveil auclore axstatey| a Ghciarete se [letere etdeeatell a eveieve ss 59.21 | 35.44 PEST HES 


*Complete data for each test can be secured from the Farm Crops Department. 
H. Hoopingarner’s Golden Glow. 

N. Nelson’s Golden Glow. 

T. Towne’s Golden Glow. 


The above summary of twenty-four variety tests shows an average range in yield of 23.77 
bushels between the highest and lowest yielding varieties. It indicates the need of such 
tests covering a series of years in all corn growing localities in order to ascertain which 
standard or local variety is best suited to be accepted as the best variety for the locality. 
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TABLE NO. 3— 


VARIETY TEST, EXPERIMENT STATION 1919 


Bushels 
Market Moisture Shelling per acre in- 
Variety Name. Quality. in %. % cluding 14% 
moisture. 

Golden Glow(check) 793 352 863 86.35 
MYUUTA CRT acre aiarsste co cccaereraye, 6 sarees aya%e 756 409 864 78 .32 
Early Silver King........ 822 392 849 76.39 
GoldentGlowi(check)it-ertiat see accom iok cote its ooh wee we aomceaes 825 352 863 86.35 
RICK EGER ae oe cee ven ele Retain ore ratineenine kitts os asMeers 731 348 876 70.96 
WihitelGapiholiks say see stance cisciancce micirtcicitanee ce carsnis- descr aretes 703 37 876 81.64 
trolden\Glows (check) /sjecctonc cece Gi niecoe cet nc inten ota enereaigareon 863 352 863 86.35 
ETIGGLOfMNONthe tac acetates cea Nees eininie alapecersionclatelsigielels 703 417 864 56.23 
WiMiter an Oremsw tnt ce as viet acroccrsiomran ite rine « acurenieieeye 677 29.5 83.8 49 .43 
GoldentGlows(check)/er. coscas vcclon rete arciecime mae eiteciars motto ene 785 352 863 86.35 
ColdemGlowIBaviscor ee ic sae ec oce ce cohen on mamicnantoee ee 832 351 852 85.90 
Golden Glow M. Wise 698 301 848 70.97 
Golden Glow (check) 743 352 863 86.35 
Shovar Y. Dent 751 339 864 77.98 
E. Silver King, Saginaw. Fane 725 335 882 74.11 
Golden Glow (check)................... 778 352 863 86.35 
Golden Glows scence sole torte oe eee auntie cotta suismnn eure 728 30 849 62.97 
Golden(Glows Cheboywann-merck cece saa NS eiaitn ee avers roe 667 324 846 67.23 
GoldentGlows (check) ee eee emenese areata cis hoe nec nemuvlaes 807 352 863 86.35 


THE LESSON OF 1917 AND 1918 


The costly and almost disastrous experience of 1917 and 718, demon- 
strated beyond argument that the ordinary methods of selecting and 
curing seed corn practiced up to that time, were not dependable. The 
safety of the entire crop was endangered by the abnormal weather con- 
ditions of the fall of 1917, and extremely severe winter weather of 1917 
and 718, and the lack of widespread selection in the field and proper 
curing of seed corn. Even in an average season there is a great loss in 
yield through the failure on the part of a great number to follow proper 
methods of seed selection. 

During the early spring of 1918, it was necessary for the Michigan War 
Preparedness Board to secure from outside sources approximately 100,000 
bushels of seed, or about two-fifths of the seed corn planted in Michigan, 
in order to plant a nearly normal acreage. This corn was brought largely 
from New York, New Jersey, Delaware and South Dakota. The eastern 
corn was of high germination and proved to be excellent for ensilage pur- 
poses. The western corn was not in such good condition, but proved 
in many instances, to be well adapted for grain purposes and will un- 
doubtedly prove to be of lasting influence, particularly the Wimples and 
Silver King varieties distributed in southern Michigan. 

The dire conditions resulting from the adverse conditions of 1917 
and 718, were met successfully, chiefly due to the fact that Michigan’s 
War Board realized the great importance of the corn crop, during war 
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times, and advanced approximately $350,000 to serve as a revolving 
fund for the purchase of seed corn. Their action resulted in securing 
enough seed at an early date for the production of an almost normal - 
crop. During peace times, it is extremely doubtful that a like fund could 
be made available. Should the same weather conditions result as in 
the fall of 1917, and find the same methods followed in selecting seed, 
Michigan farmers would face a much greater loss than was experienced 
in 1918. : 

The wide spread field selection of seed corn in the fall and the proper 
storing of early selected ears would make such a calamity to the corn 
crop, aS was threatened in 1917, impossible, and would greatly increase 
annual returns. It is sincerely hoped that a number of favorable seasons 
will not lull Michigan farmers into a sense of false security, and that the 
practice of field selection and proper storing of seed corn will be more 
wide spread than it was even in the fall of 1918, following the great 
seed corn famine. 

No two factors will go further toward immediately increasing the 
yields of corn in Michigan, than the proper selection and handling of 
seed corn. 


SELECTING AND CURING SEED CORN 


The common practices of selecting seed corn from the crib or when 
husking the general crop are too costly to be continued. Such corn 
usually germinates poorly and may result in poor stands. It is ex- 
tremely important that the most mature and highest yielding corn of © 
each season’s crop be selected in the field and properly stored to furnish 
seed for planting the next spring. 


ADVANTAGES OF FIELD SELECTING SEED CORN 


The great advantage of selecting seed corn in the field before the crop . 
is harvested lies in the fact that mature corn is secured and that a study 
of the plant on which the ear grew and of its environment can be made. 
In selecting from the shock or from the crib little is known of the par- 
ent plant or the conditions under which it grew. Corn which has stood 
in the shock or in the crib is more or less seriously injured by the de- 
velopment of molds or by freezing while in a moist condition. 

It has been demonstrated that the corn plant is easily altered by 
proper selection methods. Yield, time of ripening, position and charac- 
ter of ear and even feeding value can be changed within wide limits. 
Field selection and proper storing as compared with prevailing selection 
methods will usually increase the yield of ordinary corn varieties from 
seven to ten bushels per acre. Enough corn to plant twenty acres can 
be easily field selected in a day’s time by one man. With a seven-bushel 
increase per acre the corn grower who plants twenty acres of corn will 
be rewarded with 140 bushels in his next season’s crop or at present 
prices $140 a day or more for his labor in field selecting and storing— 
admittedly a profitable day’s work. 
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HOW TO FIELD SELECT CORN FOR SEED 


The proper time to field select seed corn is in late September or dur- 
ing October when corn is sufficiently mature and ready to husk. In mak- 
ing the selection, the best way is to walk down the rows with a sack 
tied over the shoulders, or carrying a basket, plucking those ears which 
are considered desirable. Mature ears borne on vigorous plants grow- 
ing under average conditions, which are carried at the right height, 
about the center of the stalk or just below, and with tips slightly droop- 
ing, should be selected, then properly stored. Ears should not be taken 
from lodged or “down” stalks, since the root systems of such plants 
may have been weakened by fungous diseases, which may be carried in 
the seed. 

If field is to be harvested for silage, or is immature, due to early 
frost, vigorous plants carrying heaviest and most mature ears should 
be cut and shocked at edge of field. After standing for several days or 
until ears are firm, the ears should be husked and cured for seed. 

Further selection for uniformity of type and composition can be made 
through the winter or when making the germination test. By proper 
field selection, any farmer in Michigan has it in his power to markedly 
- improve his corn variety. 


10. Good seed corn can only be secured by selecting in the field from standing stalks, drying 
immediately and storing properly. 
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11. Selecting seed corn before cutting for silage. 


Vigorous stalks carrying sufficiently matured ears are cut and shocked at edge of field. 
ae ears are husked and cured for seed after standing in shock until kernels are sufficiently 
rm. 


(Picture taken on farm of Jason Woodman, VanBuren County, Sept. 1919) 


CURING AND STORING SEED CORN 


Good seed corn can only be secured by thoroughly drying carefully 
selected ears before being exposed to freezing weather. In late Septem- 
ber and during October, corn as it comes from the field contains from 
thirty to forty percent moisture. In this condition it is easily damaged 
by molding and freezing. In order to retain its vitality it must be 
rapidly dried so as to pass through the winter with a moisture content 
of twelve to fifteen percent. 


12. Practical methods of. drying seed corn. Free ventilation is necessary for rapid drying. 
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Immediately after harvest, corn for seed should be placed where it 
will receive free ventilation in order to dry rapidly. No two ears should 
be allowed to touch. Many excellent devices for drying and curing seed 
corn are in common use. The ears may be strung on binder twine and 
hung from a rafter. Wire racks on which the ears are impaled may 
be made from woven wire fences, or may be purchased. Racks may be 
easily constructed from two-by-fours and laths on which the ears may 
be laid. These racks should be placed in the attic or spare room in the 
house, tool room, ete. A well ventilated room is necessary. A cellar 
without furnace is as a rule a poor place to store seed corn. During 
the early period of drying all windows should be opened so as to remove 
excess moisture. 

Corn properly dried will not be greatly damaged by freezing but it 
is best to store where it will not be exposed to extreme cold. 

Where large amounts of seed are to be handled, special corn drying 
houses are desirable, equipped with numerous windows or panels which 
will give free circulation of air, and a stove to furnish artificial heat to 
hasten drying and prevent freezing. 


SEED CORN DRYING HOUSE 


For the man who wishes to engage in the production of improved 
seed corn and its sale for seed year after year, a seed corn drying house 
is essential. In even the most unfavorable fall and winter seasons, corn 
may be properly dried and protected from freezing by the use of artificial 
heat used in connection with proper ventilation. A drying room or dry- 
ing house, given over entirely to corn can be safe-guarded against mice 
and insects and will provide an excellent place for selection for improve- 
ment during the winter. Since it can be kept under lock and key, chil- 
dren and strangers will not disturb the work under way. 

Such a drying house can be built at a cost of from $200 to $500 and 
will have a capacity of from 800 to 1000 bushels. During a season such 
as 1917, a corn drying house filled to capacity would have been paid 
for several times over in the resulting sale of properly cured seed. The 
drying house also furnishes a proper room for preparing corn for ship- 
ment, ear row work, keeping records, ete. It should be equipped with 
racks or hangers of a convenient type, should be provided with free 
ventilation and heated for at least three weeks after the corn is first 
hung with all ventilators open. During a cold snap, heat should be ap- 
plied during the winter. The cheaper type of round bellied stoves, or an 
old stove that has been discarded will furnish sufficient heat. 

A number of these corn drying houses, say five or more to each county 
in central and southern Michigan, will insure the planting each year 
in Michigan of seed corn of high germination. The best corn for Micht- 
gan, generally speaking, is native Michigan grown stock. For silage 
purposes in northern Michigan there are no better varieties than corn 
from central Michigan, and in central Michigan, either home grown 
stock or corn from southern Michigan, will prove best for silage. The 
men, who make it a business of growing seed and are properly equipped 
for curing and preparing for shipment, can be assured of profitable 
returns. ian 


ud ! -~ 
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13. A seed corn rack, which insures proper curing, made from 2x4’s and lath. 


14. A seed corn Shipping Crate. 


Corn shipped on the ear should be carried in crates which will provide free ventilation and 
protect from mice or rats. The space at sidé is screened with fly screen. 
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TESTING GERMINATION 


“Test, don’t guess” was first applied to corn by Mr. P. G. Holden, a 
native of Michigan, in pointing out the importance of testing the ger- 
mination of each ear of corn to be planted. Careless methods of stor- 
ing seed corn make it absolutely imperative that seed corn should be 
tested before planting. 

Experience has shown that it is impossible to surely distinguish, by 
outward appearance, or the knife blade test, between ears of good ger- 
mination and ears of low vitality. The only accurate method is testing 
in the germinator. The sawdust box, sand box or rag doll tester, and 
special manufactured seed corn germinators are all efficient. 


THE SAWDUST BOX TESTER 


Construct square box 2 ft. by 2 ft., 3 inches deep. Cut piece of white 
cloth to fit and mark off in center with heavy lead pencil a square 
20” x 20”; divide into 100 squares 2” x 2’. Number upper squares 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10 at top, and left side row 1, 11, 21, 31, 41, 51, 61, 71, 
“oo I 
_ Place one inch of sawdust moistened in warm water in bottom of 

box, pack firmly and smooth evenly. Moisten marked cloth and spread 
over sawdust on box. 

Number ears to be tested and place where they will be undisturbed. 
Extract with penknife six kernels from each ear beginning near butt 
and turning ear slightly as each is extracted taking last near tip. 
Place kernels in square numbered to correspond with ear, germ face 
up, tips toward the bottom of box. 


15. 100 ears can be tested at one time in the sand or earth box germinator, shown above. 
Six kernels from each numbered ear are planted, germ face up, tips down, in each square. 
The rows at edge of box are numbered 1, 2, 3, 4, 5. 6, 7, 8, 9, 10, and along top 9, 11, 
21, 31, 41, 51, 61, 71 81, 91, thus indicating the number of each square. Numbers rang- 
ing from 1 to 10 are attached to ears to be tested, and kernels from each ear planted in 
square of corresponding number. The sand or earth is kept properly moistened and test 
is rages to read in from 10 to 14 days. Six strong sprouts in a square show desirable 
seed ears, 
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When all squares are filled, cover with moistened cloth 22” x 22”. 
A third cloth or sack should be spread over box and 114” of moist saw- 
dust spread evenly over top. 

Place box in warm room in slightly inclined position so that the tips 
point down. 

Inspect after several days and moisten if necessary. The test is ready 
to read in seven days. In taking test, roll back upper cloth, removing 
sawdust and carefully remove cloth over kernels. 

Kernels from good ears should show vigorous sprout and root de- 
velopment. Kernels which fail to grow, or which produce weak sprouts, 
or moldy sprouts, come from ears unfit for seed and the ears correspond- 
ing to their numbers should be discarded. 


THE RAG-DOLL TESTER 


Cut cloth (cambric, muslin, or flannel) into strips five feet long and 
ten inches in width. Bisect lengthwise with heavy pencil line. Be- 
ginning about fifteen inches from end draw eleven cross lines at right 
angles to center line, three inches apart. Number spaces from one to 
ten on upper side of line and eleven to twenty on lower side. 

Select and number ears to be tested. Dampen cloth and lay out 
smoothly on table. Remove six kernels from different parts of ear 


16. The Rag Doll test is convenient and dependable. 


Kernels which show strong sprouts, free from mold or other fungous growth, indicate 
ears which are safe for seed purposes. Kernels, which fail to sprout or produce weak or 
moldy sprouts, indicate ears which should be discarded. 


number one and place germ side up in space number one, tips pointing 
in same direction. Proceed with each ear in like manner. When 
spaces are filled roll carefully so as not to displace kernels and tie roll 
around center with string, place each roll as finished in bucket, cover 
with lukewarm water for several hours. Drain, and cover top with 
damp cloth or newspaper. Place in warm room. After several days 
moisten with warm water. On seventh day test is usually ready to read. 

To read test unroll cloth carefully on table and study kernels in each 
square. Discard all ears corresponding to squares showing dead ker- 
nels which produced weak sprouts or mouldy sprouts. Save for plant- 
ing ears with kernels showing strong, clean, stem and root sprouts. 
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To test germination of shelled corn or to secure approximate condi- 
tion of ear corn a composite test of 100 kernels should be made. In tak- 
ing samples of ear corn, extract 100 kernels from each of 100 ears 
representative of entire lot. Place kernels in rag doll or sawdust box. 
After seven days count kernels which show strong germination. It will 
pay to ear test corn of less than 95% germination. 


17. A good sod, plowed in fall or early spring makes an excellent foundation for a big 
corn crop. 


THE CULTURE OF CORN 


Corn thrives best on loams and clay loams, sufficiently drained, and 
well charged with organic matter and the mineral elements of fertility. 
It is not well adapted to light sandy soils or poorly drained soils. It 
is often possible by the addition of manure, the turning under of a green 
manuring crop, and applications of mineral fertilizers, to make light 
loams produce good crops of corn. It is also possible to drain poorly 
drained clay and muck areas and secure good yields from sufficiently 
early varieties, but the most profitable and successful crops result on 
fertile loams and clay loams, and it is on these soils that extensive 
corn production occurs and should be most largely encouraged. 
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18. Spring plowed land should be packed firmly with roller or cultipacker in order to firm 
lower part of furrow slice. After rolling, the ground should be disced or harrowed. 


19. Thorough fitting of seed bed before planting corn greatly lessens labor of later 
’ eultivation 
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PREPARING CORN LAND 


Fall plowing or early spring plowing to a depth of 7 inches or more, 
is the best beginning for a good seed bed for corn. Frequently the gain 
in crop yields resulting from early and deep plowing in fall or early 
spring, as compared to late spring plowing, is sufficient to more than 
offset the entire cost of plowing. Moisture is retained, the seed bed 
settles firmly, and insects are largely controlled when land is plowed 
in the fall. 

Fall plowed land should be allowed to go through the winter in the 
rough, that is, as turned. In this shape it catches and holds snow and 
absorbs rain. As soon as in condition to be worked, fitting with disc, 
harrow or spring tooth should begin in the spring. Early spring plowing 
should be followed by roller and harrow. 

The thorough fitting of the seed bed for corn saves labor in later 
cultivations, as well as increasing the yield. At intervals of ten days 
or two weeks either fall or spring plowed land should be harrowed or 
disced thoroughly, beginning as soon as ground can be worked in the 
spring. When fitting the seed bed weeds can be most economically con- 
trolled, and a great saving accomplished in the time and expense neces- 
sary in controlling weeds after planting the crop. Harrowing and disc- 
ing before planting are much less costly methods of weed control than 
cultivating between the rows, and in these times of high labor-cost, 
thorough preparation before planting is an important step towards 
economy of production. 

It is usual to plant*corn after sod, applying manure before plowing. 
Sod land is generally more easily prepared in the fall and early spring. 
The early plowing gives time for the thorough incorporation of sod and 
manure with the soil. Corn planted on Jand prepared late in the spring 
is much more liable to injury from drought, insects, and weeds. 

When it is necessary to plow late in the spring for corn, the ground 
should be very thoroughly rolled to compact firmly. The rolling should 
be followed by thorough and frequent discing and harrowing. 

A good seed bed for corn should be well settled at the bottom of the 
furrow slice and as approaching the condition known as “garden tilth” 
as nearly as possible at the surface. 


FERTILIZING THE CORN CROP 


Corn makes excellent use of manure. Applications previous to plow- 
ing or when fitting the land of 6 to 8 tons of manure are followed by 
a marked increase in yield. The use of acid phosphate, or a fertilizer 
high in phosphorus, in connection with manure, results in further in- 
creasing the yield and noticeably hastens maturity. The application 
of 200 to 300 Ibs. of acid phosphate or of a commercial fertilizer high 
in phosphorus, is recommended. 

On light or badly run land, a complete fertilizer such as a 2-10-2 or 
a, 2-8-2, carrying nitrogen, phosphorus, and potash may give good re- 
turns. 

On muck soils fertilizers high in potash and phosphorus are necessary 
for continued success with corn. 

57 


450 STATE BOARD OF AGRICULTURE. 


Best results are secured from fertilizer by applying broadcast when 
fitting seed bed.’ An amount of more than 150 lbs. per acre, drilled in 
the rows, may cause concentration of corn roots close under the hill, 
or injure sprouting seed, thus leaving the crop in poor condition to with- 
stand periods of drought. On light soil, when planting late under dry 
conditions, the use of not more than half this amount may be advisable. 


YIELDS PER ACRE OF MANURED CORN IN A CORN, WHEAT, AND CLOVER 
ROTATION, 1911-1916 


Average 
Treatment per acre. 1911. 1912. 1913. 1914. 1915. 1916. for 6 

years. 
No manure or fertilizer................. 38.5 41.3 46.8 20.3 32.0 20.0 33.2 
bi tonsivardimanures ecm. ce nce eee ee 45.7 46.3 51.0 38.1 40.9 26.1 42.4 
5 tons ae MANUTCS -). oc%/e.ccwelieery acler 45.7 46.3 56.6 38.1 43.0 26.2 42.7 
5S tonsistallimanuress, ./c cw errente epee) 
200 Ibs. acid phosphate................-. 57.0 48.4 60.8 46.7 47.4 32.0 48.7 
CTD S avnseeecs aig Soa: 51.0 49.3 57.2 48.2 43.0 28.4 46.2 
10 tons stall:manure... 0.06.65 o.6 22.3. 52.0 48.5 65.7 51.6 48.8 28.7 49 2 


The foregoing results from rotation and fertilizer experiments at the 
Michigan Agricultural College, covering a period of six years are re- 
ported by Professor V. M. Shoesmith in the annual report of the State 
Board of Agriculture for 1917, Farm Crops Division: 


20. Acid Phosphate, other commercial fertilizers, or lime are most conveniently applied 
at time of fitting the seed bed. An application of from 200 to 250 pounds of Acid Phosphate 
usually gives marked increase in yields of corn and hastens maturity. 


1. For further information relative to use and application of commercial fertilizers, 


refer to Regular Bulletins No. 290 Soil Fertility; and No. 284, Some Information and 
Suggestions concerning the use of Phosphorus,—by this station. 


EXPERIMENT STATION BULLETINS. 451 


PLANTING CORN 


The most favorable time to plant corn varies with the latitude, alti- 
tude, soil and drainage condition, and location with reference to large 
bodies of water. In southern Michigan the average range of the best 
period for planting is from May 1st to 20th; in central Michigan coun- 
ties May 10th to 25th; and in the northern part of the Lower Peninsula 
and in the Upper Peninsula May 20th to June 5th. In general, early 
plantings within the periods named are advisable. In exceptionally 
early seasons corn can be planted safely at an earlier date than given 
above and in extremely late seasons the planting time may be delayed 
to a later date than indicated. 

The best time to plant corn varies also with individual seasons; hence, 
the old sign of the Indians for a safe planting time—“when the leaves 
of the White Oak are the size of squirrel’s ears’”—can be taken as an 
excellent guide. Long years of observation have proven the dependa- 
bility of this Indian sign. 


Rate of Planting: 


The advisable rate of planting depends on length of growing season 
and fertility of soil. In southern Michigan counties on fertile corn 
ground the usual method is to plant in hills 42 to 44 inches apart, 
dropping three kernels per hill or drilled in rows 42 to 44 inches apart 
dropping a kernel every 14 inches. On lighter soils of the extreme 
southern counties it is usual to plant 2 kernels per hill 44 inches apart. 


21. Corn starts best on a well surfaced seed bed with furrow slice well settled. 


In central Michigan the usual distance between hills is 38 to 42 
inches, dropping 3 kernels per hill or planting in rows 388 or 42 inches 
apart with a kernel every 12 to 14 inches. 

In northern Michigan, sections 3 and 4, corn is usually planted in hills 
3 or 4 kernels per hill, 86 to 38 inches apart. The varieties are smaller 
and seed can be planted thicker. 

For silage the rates above mentioned may be used if part of the field 
is to be handled for grain. Somewhat thicker planting, drilling in 
rows 36 to 42 inches apart with kernels every 10 inches apart, will in- 
crease the tonnage. 
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For grain purposes from 4 to 5 quarts per acre is sufficient, and for 
silage purposes the rate of planting ranges from 5 to 8 quarts per acre. 

The depth of planting corn varies with the soil. On well drained 
loams 114 to 21% inches is the proper depth and on heavy clay or clay 
loams 1 to 2 inches. 


CULTIVATING CORN 


It is an excellent practice to harrow immediately after planting with 
smoothing harrow. On heavy land it is safe to use a spike tooth harrow, 
with teeth set slanting, until the corn appears above the ground. The 
weeder may be employed until the corn is 6 to 8 inches in height. The 
first cultivation with the corn cultivator may be made as soon as the 
corn is high enough so that the rows can be easily followed. This 
cultivation should be deep, at least 4 or 5 inches and close to the rows. 
The second cultivation should come from 5 to 8 days later, and should 
not be quite so deep.. Throwing dirt to the plants when making early 


22. Frequent shallow cultivations are necessary to control weeds and keep surface 
in good tilth. 


cultivations, covers and kills small weeds in row. The following culti- 
vations should be made at intervals of one week to ten days, and should 
be shallow, not going to more than 3 inches in depth. Care should be 
taken not to approach too near the corn plants, in later cultivations, thus 
causing injury through pruning feeding roots. It should be kept in mind 
that after a period of 35 to 40 days’ growth, the roots of the corn plant 
interlace between the rows, and closely approaching the surface, filling 
the space between the hills with a dense net-work of fine feeding roots. 
Cultivation deeper than 2 or 3 inches or too close to the plant at this 
time will cut these important feeding roots, and cause a decrease in 
yield. 

From four to six cultivations are usual, depending on the season. 
Additional cultivations generally give a slight increase in yield, but too 


EXPERIMENT STATION BULLETINS. 453 


many cultivations may cost more than the increase in yield will pay 
for. The number of cultivations necessary will depend on the season 
and the condition of the land. It is imperative that cultivation be suffi- 
ciently frequent to effectively control weed growth. Thorough prepara- 
tion before planting will lessen the number of cultivations necessary as 
compared to land not so well fitted. 

Cultivators carrying numerous small shovels or blades, designed 
to accomplish thorough surface cultivation, have rapidly displaced the 
old type of corn cultivators carrying larger and fewer shovels. 


23. After forty days’ growth corn roots interlace between the rows close to the surface. 
Shallow cultivation is advisable to prevent pruning of surface feeding roots. 


HARVESTING CORN FOR GRAIN 


Corn is ready to harvest when fully mature or when growth is stop- 
ped by heavy frost. In Michigan the usual method is to cut and shock, 
husking later from the shock and storing in cribs. 

Under average conditions, the moisture content in Michigan corn, 
at the time of harvest, ranges from 25 to as high as 40%. It is, there- 
fore, advisable to store in cribs properly constructed to offer proper 
ventilation. The cribs should be made narrow, or if broad, should be 
provided with central ventilation, made of properly spaced boards or 
of wire attached to frames. 

The accompanying picture No. 24, shows crib, constructed by Dean 
R. S. Shaw of the Michigan Agricultural College, for storing ear corn. 
This crib has given excellent service during years when ear corn was high 
in moisture content. 


HARVESTING FOR SILAGE 


It has been estimated that from 40 to 50% of Michigan’s corn crop 
goes into the silo. In many counties of northern Michigan 90% of the 
corn crop is grown for silage purposes. The widespread use of the silo 
has carried corn growing to many counties in northern Michigan. Dur- 
ing years of early fall frosts the presence of a great number of silos in- 
sures the safety and the proper harvest and most economical use of a 
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great part of the crop. The individual can secure excellent insurance 
against loss of feed due to early frosts by providing sufficient silo capa- 
city. The building of more silos throughout the state tends to increase 
the importance and dependability of the corn crop. 


24. A practical and Economical Type of Corn Crib. 


Storage cribs should be built with properly spaced siding and sufficiently narrow to pro- 
vide proper ventilation. If the corn is exceedingly high in moisture, ventilators should be 
constructed with board strips on two-by-fours, or wire mesh partitions down center of 
crib. : 


Photograph taken on farm of Dean R. S. Shaw. East Lansing. This crib is 8 ftx16 ft 
and 8 ft high at post. It was built in 1919 at a cost for material of $60.95. The capacity 
700 to 800 bushels. 


The best time to cut corn for ensilage is when the crop has practically 
matured but retains enough moisture to make succulent silage. At this 
stage the kernels are dented and glazed, and the lower leaves of the plant | 
are brown. Almost two-thirds of the food value of the mature corn 
plant is in the ear, hence it is desirable that a good ear development, as 
well as a vigorous growth of stalk, be produced. 
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NO. 4. YIELD OF DIGESTIBLE MATTER IN CORN 


‘ Yield per acre. 
Constituent. 
Ears. Stover. Total crop. 
Pounds. Pounds. Pounds. 
LRTI oR RENE ELT Sen c SSIS COHEN O OUROCT COO OTRO CSTE orto ce neers 244 83 327 
GRY DGNVOTALER oe = stacey toes otetn cites ol ale ie ole oie eis Siaieie’e able stellate! sto) Sla.aya . 2,301 1,473 3,774 
ERTS Ta a aa cae ar eT te aan cede ete tat oe Ta Siaie on IoLave i svavovate ove rArciaavaisi chats\aloveys, o.claiaieaisi¥ 125 22 147 
BE Lea ess eto rain Snare rarer roneoaseles Carn ataly Miorahare iene aca reo(atete lassie tunfe te elanays 2,670 1,578 4,248 


The foregoing table (No. 4) from Farmers’ Bulletin No. 578, U. S. 
D. A., shows the yield of digestible matter in the ear and in the stalk of 
the corn plant. 


25. From forty to fifty per cent of Michigan’s corn crop goes into the silo. Varieties which 
reach the dented and glazed kernel stage of maturity make the best quality of ensilage. 


NO. 5. CHEMICAL CHANGES DURING GROWTH OF CORN PLANT 


Tasseled Silked Milk Glazed Ripe 

Yield per acre. July 30. Aug. 9. Aug. 21. Sept. 7. Sept. 23. 

Pounds. Pounds. Pounds. Pounds. Pounds. 

MP OvALivield mate se terstele trot oreo reialereyotiks stotecene ns 18,045 25,745 32,600 32,295 28,460 

Wit lene races sere toes Sete Salant ovat ae son 16,426 22,666 27,957 25,093 20,542 

Dry, matter t aecicisien cute ont aria Srtara theater aeia ote 1,619 3,078 4,643 7,202 7,918 
TCU IE SA tes yf AS CoE C CIO ECO OOO COP G Tee TEI TEIT 138.91 201.30 232.15 302.48 364.23 
AI DUMINOIdS sehr store re aoe on ooo solace teemsaaalcr: 239.77 436.76 478 69 643 .86 677.78 
Grudeifiben ys ec ctat cree ieee es eee nieces 514.19 872.93 1,261.97 1,755.85 1,734.04 
Nitrogen-free extract.............secceceeees 653 91 1,399 26 2,441.29 4,239 82 4,827.60 
SO BGM Be SECS ORE TEAC Gao site NaH perm eaee 72.20 167.75 228 .90 259 .99 314.34 


Table No. 5—From Farmers’ Bulletin No. 578, U. S. D. A., showing the chemical changes 
during the growth of the corn plant. The study of this table brings out the fact that the 
greatest weight per acre of food material is produced when kernels are glazed or fully 
matured. The best silage is made when corn is cut when the kernels are glazed and dented, 
and while the stalk and ear carry sufficient moisture to make succulent silage. 
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When corn is injured by heavy frost it should immediately be put 
into the silo to prevent rapid drying out. When corn has lost too much 
water, due to over maturity, or after freezing, to make succulent silage, 
water in sufficient amounts should be added when the silo is filled. 

The practice of snapping the ears from the corn and making silage of 
stover, reduces the feeding value of the silage. This method may be a 
convenient way to handle stover where ear corn is used to feed hogs or 
other stock, but it cannot be expected that silage made from stover will 
produce as good gains with livestock as silage made from stalks carrying 
the ear. Stover silage is a cheap form of roughage for carrying breed- 
ing stock or feeders over winter, but is not advised for feeding dairy 
stock for production or for fattening beef animals. 

Good fields of silage corn will yield from 12 to 16 tons of silage 
material per acre. 


HOGGING DOWN CORN 


Hogging down, or pasturing off, corn with hogs isa practice which has 
gained rapidly in lower Michigan counties during the past few years of la- 
bor scarcity. It has been proven by numerous experiments that this method 
of harvesting corn is economical in saving labor of harvesting and of 
feeding, and also from the standpoint of the gain and weight of hogs 
being fattened. The manure produced, is left directly on the ground, 
thus benefiting the land and preventing a waste of fertility. Corn may 
be pastured in the field with ‘sheep in the same manner. 

One man can handle a larger acreage of corn and feed out more hogs 
under this system than by other methods. The hogs should not be al- 
lowed to cover too much ground at one time. A good practice is to fence 
off the part of the field to be hogged down by use of a 2 ft. woven wire 
fence, held by anchor posts at either side of the field and supported by 
occasional posts or tied with binder twine to hills of corn. Hogs should 
be turned in when corn is in the hard dough or almost mature stage. 


26. Alfalfa paves the way for big yields of corn. 
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All or part of the field may be hogged down. Four to eight acres can 
be fenced off at a time. When the area is cleaned up, fences should 
be moved to include an equal area of standing corn. 

Under average conditions, in corn yielding 40 bushels or 80 baskets 
per acre, 4 to 6 hogs can be carried per acre. Heavier yields will carry 
more hogs. It will take 6 to 8 weeks for four or six hogs to clean up an 
acre of good corn. 

It is advisable to plant rape, rye, or soybeans with corn which is to 
be hogged down. Rape should be planted at the rate of two pounds 
per acre of Dwarf Essex Rape at the last cultivation and rye at the rate 
of one bushel per acre at the last cultivation. A mixture of the rape and 
rye is often more effective for late fall pasture than either seeded alone. 
Rye and vetch, at rates of 1 bushel of rye to 20 pounds of hairy vetch, 
is another excellent seeding to be made with corn at the last cultivation. 

Six or eight pounds of soy beans, drilled in with planter attachment or 
immediately after corn is planted, furnish additional forage for hogs. 

Rye can be grown separately to furnish an early grain for hogging 
off. 

Professor G. A. Brown of the Department of Animal Husbandry sug- 
gests that a protein supplementary ration be fed in cases where rape, 
rye or soy beans fail. In addition to the corn being hogged off, he 
suggests the feeding of skim milk or tankage. 


CORN IN ROTATION 


The corn crop is well suited to Michigan’s cropping systems in all 
sections where it is adapted. Corn is an excellent crop to grow after 
meadow or pasture crops. The plant has been described as a “rough 
feeder,” owing to the fact that it can apparently make the best use of 
organic matter, such as sod and manure which has not yet become 
thoroughly incorporated with the soil. It is a crop which requires 
thorough cultivation; hence, offers excellent opportunity for the control 
of weeds and grass after a sod. Preparation of the land for corn, and 
the cultivation given the crop, leave the ground in excellent condition 
for a following crop of small grain. 

Growing corn in rotation aids in maintaining fertility and prevents 
extreme loss from insect pests or diseases. Corn smut does most dam- 
age where corn follows corn for a number of years. Growing corn in 
rotation with other crops is the only effective means of keeping this 
disease in control. Occasionally considerable damage is done to corn, 
when planted after an old sod, by the grubs or larvae of the June Beetle. 
Early plowing and thorough working will minimize such loss. Fall 
plowing is particularly effective. A newly turned meadow or pasture 
sod will pave the way for a large corn crop. 

The usual rotations including corn are the following: 

1. Three year rotation: the first year, clover or meadow; second 
year, corn; third year, small grains seeded to clover. 

2. Four year rotation: first year clover; second year, corn; third 
year, oats, and fourth year, wheat seeded to clover. 

3. Four year rotation including beans, and beets: first year, clover; 
second year, corn, beans or beets; third year beans, beets or corn; and 
fourth year oats seeded. 

4. Five year rotation including timothy, and clover meadow: first 
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year, clover and timothy meadow; second year, corn; third year, oats 
seeded to clover and timothy; fourth year, clover and timothy; fifth 
year, timothy and clover. 

Six year rotation including beans or beets: first year, clover; 
second year, corn, beets or beans; third year, oats; fourth year, clover; 
fifth year, beans, beets or corn, and sixth year, wheat seeded with clover. 

6. Alfalfa 3 to 5 years, corn, corn, barley or oats seeded. 

Rotation 1, 2, and 3 are most frequent in southern and central Michi- 

an. 
; In bean and beet regions 4 and 5 are often followed. Rotation No. 5 
is particularly effective in the up-keep of organic matter since a clover 
crop occurs every third year. 

An alfalfa sod furnishes excellent condition for corn, and owing to 
the success with which this crop is being seeded, the more general use 
of rotations including alfalfa is highly desired. 


CORN SMUT 


In view of the prevalence of corn smut and the importance of con- 
trolling this disease, the following discussion has been prepared by Dr. 
G. H. Coons, Plant Pathologist of the Michigan Experiment Station: 


IS BEST CONTROLLED BY ROTATION 


Every year at harvest time, inquiries come as to the cause and con- 
trol of corn smut. This is a fungous disease related to, but entirely dis- 
tinct from the smut diseases known for other crop plants,—wheat, oats, 
and barley. The smut affects the corn at almost any growing part, the 
stem, the leaf, the ear, the husk, the silk or the tassel, producing a swell- 
ing which is at first white then greenish black. The attack of corn smut 
may come at any time of the season when corn is growing, the newly 
formed tender parts being most subject to it. 

Typically the corn smut fungus lives over winter in the old stalks in 
the field. These live, infectious spores in the spring are blown by the 
wind to the young corn. A close examination of corn about a foot 
high will reveal a plant here and there with whitish over-growths,—the 
so-called smut boils. Only a few of these are formed, but they mature 
their spores and furnish the source of the later infections. Over and 
over again the story is repeated until the corn shows in the fall a liberal 
amount of this wasting disease. 

The control measures for corn smut depend upon the nature of the 
smut’s life history. Since infection takes place throughout the season, 
this disease cannot be prevented as is oat smut or wheat stinking smut, 
by seed treatment. In short, any recommendation to dip seed for control 
of corn smut is unwarranted. 

Since the source of smut in early summer is largely the old smutted 
stalks of last year’s crop, the planting of corn to follow corn augments 
most seriously the amount of smut infection. Experience in Michigan 
with field corn has indicated that with the ordinary season rotation is 
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enough to prevent excessive loss from smut, but occasional occurrence 
arising from spores blown from near-by fields must be expected. 

With a crop grown intensively, such as sweet corn or special lots of 
seed corn, rogueing of smutted plants early in the season is certainly 
to be advised. This with rotation will prevent loss. With corn as a field 
crop the pulling and destroying by fire of any smutted or deformed plants 
seen during cultivation is advisable. It is not known whether it will 
be practical to attempt to further eradicate the early infections by 
field inspections, etc. Whatever is done, harvest must come early in the 
season before the smut growth gets powdery. 

Farmers, therefore, must not rely on seed treatment for corn. Instead 
they must see in rotation of crops their best ally in the battle with a wast- 
ing plant disease. The hope of the future lies in the securing of smut 
resistant sorts, but as yet none of these are known or tested for Mich- 
igan conditions. 


27. Growing corn in a proper rotation is the most effective means of controlling corn smut. 
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CORN IMPROVEMENT THROUGH INTENSIFIED SELECTION 
THE EAR ROW TEST AND REMNANT SYSTEM 


Corn is an extremely adaptable plant in the hands of the experienced 
breeder. Only a few hundred years ago this crop was grown only by 
the American Indian. Judged by specimens preserved in burial mounds, 
and by varieties found in the hands of the Indians by incoming set- 
tlers, corn, as the Indians knew it, was much smaller eared and of in- 
ferior types as compared to present standards. In the hands of the 
white man, hundreds of varieties have been created to suit new condi- 
tions and uses. 

Possibilities in corn improvement have by no means been fully realiz- 
ed, in spite of the great strides which have been made in corn develop- 
ment by careful field selection. It has long been known that individual 
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28. Ear row test of Duncan corn, 100 ear unit, (M. A. C. Bxperiment Station 1919.) 
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ears of corn differ markedly in their productive power, maturity, char- 
acter of growth, etc., but owing to the fact that corn is open or cross 
pollinated under field conditions, improvement by selection is com- 
paratively slow. 

More rapid results can be secured by the ear row test and the rem- 
nant system of intensified selection. Briefly stated, this method con- 
sists in planting 50 hills or more in marked rows, properly checked, 
from each of 100 or more carefully selected ears, the ears being shelled 
lengthwise, and half of the ear reserved. The adaptation and yielding 
ability of the ears are found in the ear row test. The remnant ears from 
several of the highest yielders are planted the second year in an increase 
plat and multiplied for general distribution. 

For the practical corn breeder who wishes more rapid results than 
come from simple field selection the following method is suggested: 

1. Select in field at time of maturity, 5 bushels or more of ears from 
« variety of known worth, and store ears properly. 

2. In late winter or early spring carefully select 100 or more ears 
of the best type and test for germination. 

3. Select at least 40 ears of high germination and superior type for 
planting in ear row test. 


i ence 
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29. Ears of good maturity, type, and adaptation should be selected for ear row test 
work. These ears are then tested for germination and shelled lengthwise, the kernels 
which are shelled being used in making ear row test and remnants being reserved for selec- 
tion and planting of those shown best by test. Half of ear reserved. 
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80. Corn Selfing Plat—Michigan Agricultural College. Professor EF. A. Spragg is self- 
ing the best plants from ear-to-row breeding work in the effort to markedly improve Michi- 
gan corn varieties by this method. 


31. Remnant ears from ear row test wrapped in paper and enclosed in wire screen bag 
in order to protect them from mice and insects until leading ears are ascertained by test 
and selected for second year’s use. 
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4, Shell half the kernels from each ear lengthwise. Place in en- 
velope, numbered to correspond with number of ear on tag, pinned to 
butt or tied to ear. 

5. Place unshelled half of ears carefully on rack, or protect by 
wrapping in paper and placing in bag made of screen mesh to exclude 
rodents and insects until needed the next year. 


32. Appearance of individual ears no sure indication of yield. 


Ear No. 966 on left yield of 74.86 bushels per acre and ear No. 974 on right, 49.86 bushels 
per acre. 


The yield in ear row test from kernels from each of these ears is shown in cuts 32 and 
83. The ear row test shows the difference in yielding ability of individual ears. 

6. Plant in ear row test, using seed in envelope. Select uniform soil 
and plant seed from each individual ear in rows 50 hills or more long, 
with check every 4th row planted to tested seed of the same variety. 

7. Mark each row with stake with number to correspond with ear 
from which seed was taken. 

8. Give thorough cultivation, noting carefully growth from seed from 
every half ear. 
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9. Harvest each row separately, weighing up stalks and ears. Care- 
ful notes should be taken of the total yield, maturity of ears and per- 
cent of marketable corn. 

10. When several of the highest yielding and most desirable rows are 
ascertained, the remnants or half ears, placed on the shelf the year be- 
fore, corresponding to the numbers picked out, are separated from the 
remainder of the remnants. 


33. No. 966 row, highest yield. Note high per cent merchantable ears at center, and 
early maturing ears on left. 


34. No. 974 row in Duncan Har Row Plat 1919. Note high per cent of nubbins on 
right and small number of early maturing ears on left. Production of high and low 
yielding individual ears. 


Plants from No. 966 yielded at the rate of 74.86 bushels per acre with 81% marketable ears 
and a large number of early maturing ears. 
Plants from No. 974 yielded at the rate of 46.89 bushels per acre with only 70% of market- 
able ears and a small per cent of early maturing ears. 


11. Plant the increase plat the second year from seed shelled off of 
the highest yielding ears. This increase plat would be well removed 
from other corn fields to prevent cross-pollination. Usually one or two 
quarts of seed are available from the leaders. The increase plat may 
be planted in a large potato or bean field, corner of grain field, or where 
protected by woods or barn from danger of cross-pollination from other 
corn, 
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12. Field select seed from increase plat in the fall. From four to 
ten bushels of selected seed corn should result. This will provide for a 
substantial planting of 20 acres or more the third season. 

18. Selection may be intensified by picking out 20 or 30 of the best 
ears from the increase plat and planting in marked area for the third 
year’s increase field. Selections for further ear-row work or increase 
work can then be made from this marked area. 

The yield, adaptation, and type of corn can be greatly improved by 
this intensified method of selection. 

Plant breeders are securing promising results by self-pollinating the 
corn plant to secure pure lines and recombining desirable strains so 
secured. As yet, no varieties of widespread note have been given to 
farmers by this method, though in the future valuable strains may be 
developed. 


EAR ROW RESULTS SHOWING VARIATIONS 
EXPERIMENT STATION PLAT, 1919 
As an example of variations in yield and maturity brought out by 


ear row work, the following table of data on eight of 75 ears included 
in M. A. C. ear row work of 1919 is offered: 


. P Bushels 

Row Number. ee jen ee nate cone P ee aon 

Average Of ChHeCKSNei2-mvetnis,cescicte eiatete wate arajeiciciaterslars acs 2.4 voles) 342 853 49 89 
0} TUS 8 Sones Bebcan BA ocopapacanonedo er cga cone 15 *63 9 *37 1 853 *6§2 42 
Lig! (bemoo.b Sb On Oe ab Om BODES OO OSE DD ECROO aecan res | *28 76.9 *317 86 52.31 
PDS iesvavcvatencia nis eieesta aNepetye Mises ere oie ote eve oho oVaye ol siaya's *0 71 358 871 36.48 

OY hs se taresere ee scteys ects revere) sfaxefas cic nvcce Sisvohotore asin exe 12 *82 345 878 53.47 
Fhe ea noe, SN 8 73 | 322 —| #389 42.30 
QTL Dieser ctcsexsraveteretcseystett tetova joes taps che esasesah crea fers iS 6 75.9 342 | *837 *32 52 
Gi) soa sop aacosuenade sd Somos COD ONO Oa oo 12 81 31 87 74.86 
BOING Aiinrny a, 2 stetay star afeotsratslcjeieroisioye S-aele shale @ cit alee olslck 3 70 321 867 46.89 
{YS dpatos tab Go Dee SN ALORS Hone heer eee 12 81 31 87 74.86 
(iS 2 aa en 3 70 321 867 46.89 


*Row No. 9.10 shows highest yield but is too late in maturing. 

*Row No. 9.12 shows consistency for early maturing with yield slight- 
ly above average of checks. 

*Row No. 9.28—lateness of maturity but not high yield. 

*Row No. 9.82—shows an average ear in market quality. 

*Row No. 9.36 shows high selling percent but not high yielding ability. 

Row No. 9.11 shows low shelling percent and low yielding ability, but 
not necessarily very early. 

*Row No. 9.66 shows highest yield in plat and uniform excellence in 
other desirable characters. Note plate. 

*Row No. 9.74 shows low yield lack of early maturity high percent 
of nubbins compared with No. 66. Note plate. 

59 
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35. Individual rows in ear row test plat shocked for harvest—(M. A. C. Exp. Sta. 1919). 

This method is being employed in improving the Duncan, Golden Glow and Early Silver King 
enh other varieties. Selected strains are distributed through the Crop Improvement Asso- 
ciation. 


CORN EXHIBITS 


Corn exhibits have played a valuable part in the development and 
spread of corn varieties. These occasions bring together representative 
varieties, and the proper placing of prizes calls attention to those which 
are best adapted and best suited for seed purposes. Corn growers are 
given the opportunity of an interchange of ideas, and the attention of 
the general public is directed toward the importance of the corn crop. 
Interest on the part of the corn grower is stimulated in the inspirational 
atmosphere of a successful corn exhibit. | 

These exhibits are usually held by Farm Bureaus, Farmers’ Clubs, 
Boys and Girls Clubs, and at county and state fairs. 

For those not familiar with the methods of conducting a corn exhibit 
the following classification and list of premiums is presented: 


CLASSIFICATION OF CORN EXHIBIT AND LIST OF PREMIUMS 


Note: The premiums suggested are larger than are usually offered. 
It is suggested that such amounts as are available be awarded in pro- 
portions indicated. 

Class 1. 10 ears Yellow Dent—first, $5.00; second, $3.00; third, 
$2.00; fourth, $1.00. Award of merit to next six entries, ribbon or 
card. 

Class 2. 10 ears of White Dent—same awards. 

Class 3. 10 ears of White Cap—same awards. 

Class 4. 10 ears of any other Dent corn—1st, $4.00; 2nd, $3.00; 3rd, 
$2.00, 4th, $1.00. 

Class 5. Any special prizes which may be awarded for best 10 ears. 

Class 6. 100 ears of any variety of corn—first, $10.00; second, $7.50; 
third, $5.00; fourth, $2.50. Award of merit for the next six. 
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Class 7. 10 ears of Flint Corn—first, $4.00; second, $3.00; third, 
$2.00; fourth, $1.00. 

Class 8. 10 ears of pop corn (rice)—same awards. 

Class 9. 10 ears of pop corn (pearl)—same awards. 

Class 10. 10 ears of sweet corn (table)—same awards. 

Class 11. 10 ears of sweet corn (canning)—same awards. 

Class 12. . Sweepstakes. Best 10 ears of Dent corn. 

(Leading Variety of County). 
Class13. Best single ear of (Standard) Variety—first, $5.00; second, 


$4.00; third, $3.00; fourth, $2.00. 


a 
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36. A good corn exhibit calls attention to best adapted varieties and stimulates and inspires 
interest in corn production. 
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FOREST PLANTING IN MICHIGAN 


Special Bulletin 103 


By A. K. CHITTENDEN—FORESTRY SECTION 


In establishing a forest plantation the landowner should know what 
trees are best suited to the locality and soil and which of these trees 
will best serve the objects he has in mind. Trees grow slowly as com- 
pared with other crops and it takes many years for them to reach ma- 
turity or sufficient size for utilization. Mistakes made in planting may 
become apparent only after many years, and owing to such mistakes 
the objects for which the plantation was established may not be at- 
tained. It is with the purpose of helping landowners to select and prop- 
erly plant trees suited to their purpose that this bulletin has been 
written. 

Forest plantations are established for one or more of several reasons. 
The commonest are to produce fence posts, timber or lumber, to act as 
a windbreak or shelter, to hold shifting sand, to prevent erosion or gully- 
ing, and to beautify the landscape. 

In general it does not pay to raise trees for timber purposes on good 
agricultural soil. Such land will produce more money from farm crops. 
A woodlot is, however, a valuable adjunct to a farm, and many farm 
woodlots which are on agricultural soil are valuable assets. Forest 
plantations are usually advisable on parts of farms which are rough or 
rocky, or where the soil is so poor as to be unsuited for farm crops. 
Forest planting is often advisable in already existing woodlots where 
openings have occurred which are not restocking naturally or where it 
is desired to introduce new species of trees. The planting of trees for 
windbreaks or screens is advisable on many farms. Forest planting is 
also advisable ‘on very large areas of cut-over lands and on more or 
less barren lands, such as the jack pine plains where, in many places, 
trees are the only crop that can be successfully grown. 


TIME TO PLANT 


Trees should be planted while they are dormant. They may be planted 
in the spring as soon as the frost is out of the ground until the trees 
start growth or, in the case of hardwoods, and rarely of conifers, in 
the fall. Trees should not be planted in the late spring or after growth 
starts. In general broadleaf trees should be transplanted only when 
the leaves are off. They may be transplanted in the fall more safely than 
conifers which mostly retain their foliage all winter. If evergreens are 
transplanted in the late fall, unless they are mulched or covered with 
snow during the winter months, they are likely to evaporate moisture 
from their foilage while the roots, which have not yet become established 
in the soil, are unable to supply more moisture. As a result they may dry 
out and die. The same thing may take place in the case of late spring 
planting after vegetation has started, resulting in the death of the trees. 
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Evergreens are, as a rule, more delicate than broadleaf trees and must 
be handled more carefully. Some of the broadleaf trees, such as box 
elder, poplar and silver maple, have a great deal of vitality and will 
stand considerable carelessness and exposure in transplanting. Small 
evergreens, such as two-year-old seedlings which are only a few inches 
high, may be safely transplanted in the fall in those parts of the State 
where there is sufficient snow on the ground all winter to cover them 
and keep them from drying out. Occasionally evergreens may be safely 
planted in the latter part of August or early in September, for, if 
weather conditions are favorable, they will become established before 
cold weather sets in. 


METHOD OF PLANTING 


In planting trees the hole should be dug slightly deeper than necessary 
to take the roots when spread in a natural position. The tree should 
be set from one-half to two inches lower in the earth than it was in the 
nursery. Fine, moist soil should be packed around the roots and then 
the coarser soil drawn into the hole and packed firmly with the foot. A 
layer of loose earth should then be scraped around the tree in order to 
retain the soil moisture. It is seldom necessary to use water in planting 
small forest stock, but if used it should be applied very liberally in 
the hole before planting. 

In carrying the small trees about the roots should be kept moist and 
protected from the sun and wind. It is best to carry the trees in a bucket 
containing a thin mixture of mud and water or else in a basket, keep- 
ing the roots covered with a piece of wet burlap or moss. 

In establishing a forest plantation the objects in view should be borne 
fully in mind. Mistakes made in the selection of species or in spacing 
may mean a loss of many years. It is often not realized how long it 
takes for trees to reach merchantable size or that trees in a plantation 
behave differently than those in the open. 

A tree planted in the open, for shade or ornament, tends to branch low 
down and to retain its lower branches. Trees planted in close forma- 
tion tend to grow tall with few side branches. The first tree will produce 
but little and poor grade lumber.’ The latter tree will yield more timber 
of higher grade. Trees planted close together are forced to grow 
straight and to form few strong side branches because the light comes 
from overhead. The leaves on the side branches die from lack of light 
and the branches themselves fall off in time. This is called self-pruning 
and is a result of close spacing. Some trees, such as the spruce, hem- 
lock and beech will stand a large amount of shade without losing their 
foliage. Such trees may be used for underplanting in underbrush or 
open woods. Other trees, like the red pine, birch and yellow poplar, will 
not stand much shade and can be planted only in the open. It is often 
desirable to use a mixture rather than a single species, as the danger of 
loss from insects or fungi will be reduced and better utilization may be 
made of the soil. For this purpose a tree tolerant of shade may be al- 
ternated with one demanding light. The best, spacing for an average 
forest plantation is 6 by 6 feet, requiring approximately 1200 trees to 
the acre. 
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Trees differ in their soil and moisture requirements. Some will do 
well on sandy soil. Others require deep moist soil. 

Trees may be classified according to the soils upon which they do best. 
In establishing a forest plantation only those trees should be selected 
which are adapted to the soil in question. It should be noted, however, 
that trees will grow upon a great variety of soils and that the moisture 
conditions are of prime importance. Trees may be planted for ornament 
or shade upon a soil which is not their first choice. Nearly all trees 
will grow upon a better soil than that on which they occur naturally. 
The following list shows the general type of soil upon which certain 
species of trees may ordinarily be planted: 

Light sand—Jack pine, Scotch pine, red pine, poplars, box elder. | 

Gravel—Red pine, Scotch pine, Norway spruce, chestnut. 

Sandy loam—wWhite pine, red pine, Norway spruce, red oak, poplars, 

maple. 

Loam—Norway spruce, white pine, European larch, white ash, oaks, 

maples, beech. 

Heavy soil—Walnut, hickories, ash, basswood, silver maple. 

Swamp soil—Silver maple, sycamore, tamarack, balsam, white cedar. 


TREHS FOR VARIOUS PURPOSES 


Trees may also be classified according to their ability to produce 
wood for certain purposes in the shortest time, as follows: 

Lumber—White pine, red pine, ash, basswood. 

Pulp—Norway spruce, poplar, basswood, larch. 

Excelsior bolts—Basswood, poplar, willow. 

Poles and posts—Larch, red pine, red oak, jack pine, catalpa. 

Ties—Larch, red oak, jack pine, red pine. 


TREES POR PLANTING 


Trees grow at different rates depending on the species and the location 
or character of the soil and climate, where they are planted. Some 
species, like the jack pine, grow rapidly at first but are later surpassed 
by other species such as the red and white pines. Some trees are com- 
paratively short-lived and while they may grow rapidly for a number of 
years do not last long enough to give satisfaction. The Carolina poplar 
is one of the fastest growing trees in Michigan but it is short-lived and 
is subject to attack by the poplar borer which is likely to destroy it. 
The black locust, also, is subject to attack by an insect, the locust borer, 
which practically precludes its successful planting in the State. The 
silver maple is a fast growing tree but is comparatively short-lived and 
the wood is of little value. The oaks and sugar maples are slow growing 
trees. The following are some of the more important trees for forest 
planting in this State: ; 


WHITH PINE 


White pine has probably been used for forest plantations more than 
any other tree in Michigan. It is a native of the State and does well 
on deep, light, moist and sandy soils. It grows quite rapidly after it has 
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passed the seedling stage and in good locations will grow about two 
feet in height a year. The lumber is valuable. Box boards will be pro- 
duced in about 30 years. For forest plantations it is best to use small 
seedlings, 2-year-old stock, spacing the trees 6 by 6 feet. The planting 
of white pine should be limited to certain counties, as it is subject to a 
disease, the white pine blister rust, which has one generation on the 
white pine and the next on currant or gooseberry bushes. This disease 
has gained considerable headway in the East and in adjoining. states, 
but so far has not appeared to any extent in Michigan. It can only 
spread when the two hosts, currants or gooseberries, both wild and culti- 
vated, and white pine, are comparatively near together, within three 
hundred yards of each other. In many localities in Michigan, currants 
and gooseberries are of commercial importance and in such localities 
white pine should not be planted, since, if the disease appears, one or 
the other of the hosts must be destroyed in order to eradicate it. The 
counties where currant and gooseberry culture is of importance and 
where white pine should not be planted at present are those along the 
west side of the State from the Indiana line to Traverse City, as well as 
Kent, Newaygo, Kalamazoo, Washtenaw, Oakland and perhaps a few 
others. 
RED OR NORWAY (PIND 


Red or Norway pine is very similar in rate of growth to white pine 
but it will do better on poorer, sandier soils. The wood is quite similar 
to the white pine, though a little heavier and harder, and is used for the 
Same purposes. The red pine has thinner foliage than the white pine, 
it prunes itself of side branches better and is not subject to serious injury 
by insects or fungi. Owing to scarcity of seed, red pine seedlings are 
difficult to obtain but where they can be secured it is one of the best 
trees for forest plantations on the poor qualities of soil. A rather 
wider spacing may be used with red pine than with white pine as the 
trees will prune themselves of side branches more readily. A wider spac- 
ing reduces the number of trees required per acre and so reduces the 
cost and labor of planting. This is of importance in the case of red 
pine as the planting stock is scarce and more expensive than some other 
trees. It is often planted in mixture with white pine or Norway spruce, 
the species being alternated with a spacing of 6 by 6 feet. 


JAICK PINE 


Jack pine will do well on dry sandy soil. It is a tree which grows 
fast at first but slows down later on and never reaches a large size. The 
wood is soft and light, and not durable in contact with the soil unless 
it has been treated with creosote or some other preservative. After such 
treatment it may be used for fence posts. The wood will undoubtedly be 
used for paper pulp within a few years and after that it will be more 
extensively planted than at present. 


SCOTCH RIND 


Scotch pine is not a native of Michigan but has been used quite ex- 
tensively in the State. It does well on dry sandy soil. It is very similar 
to jack pine in habits of growth, although the timber is rather better. 
Two-year-old seedlings are a good size for field planting with a spacing 
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of 4 by 4 feet. Much of the Scotch pine which has been planted in this 
country has had its source in seed collected in central Germany. These 
trees become crooked and stunted and do not produce a good quality of 
timber. Trees grown from seed collected in the Baltic provinces of 
Russia, called the Riga variety, produce much better timber. This is the 
variety which should be planted. 


~ 


An eight year old plantation of European larch on a sand ridge at St. Charles. The 
trees at the left have been pruned to a height of six or seven feet. 


EUROPEAN LARCH 


European larch is similar to our native tamarack but is not quite so 
subject to defoliation by the larch saw-fly. It is a deciduous conifer, 
losing its foliage in the winter. It does best on well-drained but moist 
soils. It will not succeed in swamps as will our native tamarack. It 
grows rapidly and the wood is heavy and durable in contact with the 
soil. It should produce fence posts in about 20 years. Extensive planta- 
tions are not advisable owing to danger of the larch saw-fly but it can 
be used as a filler with other species. Two-year-old seedlings are a good 
size to use. A spacing of about 10 by 10 feet is best, as the tree will 
not stand any shade and closely spaced stands result in the death or 
stunting of the trees, or a spacing of 12 by 12 feet may be used, inter- 
planting with a shade-bearing, slower growing species, such as red oak, 
Norway spruce or white pine. Larch starts growth early in the spring 
and is subject to injury by late frosts. 
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NORWAY SPRUCE 


Norway spruce, while not a native of this country, has been very ex- 
‘tensively planted, chiefly for ornament. It is a fast growing tree and 
the wood is valuable for paper pulp. It does well on nearly all soils, ex- 
cept clay or very dry soils. It forms a dense, persistent crown, and is 
therefore suitable for windbreaks. It is used for Christmas trees and is 
the best tree to plant for this purpose. It reaches Christmas tree size 
in 5 or 6 years if small transplants are used for planting. It may often 
be used with advantage as a filler in plantations of other species and 
at the end of a few years be cut out and sold for Christmas trees. Four- 
year-old transplants are best. A close spacing, about 4 by 4 feet, is 
necessary in order to make the trees prune themselves and, if timber 
production is desired, it is advisable to cut off the lower branches 
when the trees are about 15 feet tall. 


WHITE AISH 


White ash is one of the faster growing hardwoods which produce 
valuable lumber. It does well on the better soils, where it may be mixed 
with pines or other species. It makes good fence posts if treated with 
preservative. It is probably better to plant it in mixture with other 
species than by itself. A close spacing, about 4 by 4 feet is best, as 
otherwise the tree tends to become crooked. 


PON xi 


SILVER MAPLE 


Silver maple grows rapidly but is short-lived and is of little value at 
present. As fence posts become scarcer, however, non-durable wood of 
fast growing species will undoubtedly be used and treated with creosote 
or wood preservative in order to lengthen its life. Silver maple will be 
a good tree for such use. It grows best on moist soils. It is used chiefly 
where a rapid growing shade tree is desired, but even then it is rather 
undesirable. A spacing of about 6 by 8 feet is advisable for forest 
plantations. 

SUGAR MAPLE 


Sugar maple has been planted to some extent in Michigan for sugar 
bushes and woodlots. It does well on any good soil but it grows rather 
slowly and takes a good many years to reach merchantable size. It is an 
excellent tree for roadside or street planting where good sized stock can 
be used. For timber production a spacing of 6 by 6 feet is advisable in 
order to make the trees prune themselves. For sugar bushes a spacing 
of 10 by 10 feet is better. Sugar maple may be planted in small openings 
in existing .woodlots where it is desired to increase the percentage of this 
Species. Many sugar bushes could be improved in this manner. 


CATALPA 


Catalpa will succeed in the southern part of the State but is subject 
to frost injury further north. It will grow on moist, well drained, fertile 
soil. Under favorable conditions it grows rapidly and the wood makes 
durable fence posts. It does not reach large size and requires pruning 
in order to make a straight stem. The seed should be soaked for twenty- 
four hours in water before planting. It should be planted only in the 
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southern counties. The trees may be cut back to the ground early in 
the following spring after planting. The resulting sprouts will grow 
vigorously. The lower side branches should be pruned for a few years 
in order to force the tree to grow straight. The trees should be planted 
about 6 by 6 feet apart. 

BASSWOOD 


Basswood grows rapidly on good soil. The wood is valuable and it 
is a good tree to plant in favorable locations, either in pure stands or 
mixed with other species. Small seedlings are best to use, with a spac- 
ing of 6 by 6 feet. 

RED OAK 


Red oak does well on rather sandy soil in the southern part of the 
State. The other oaks grow too slowly for profitable planting. The 
acorns may be planted, directly in the field or small seedlings may be 
used with a spacing of about 6 by 6 feet. If the acorns are planted in 
the field, three or four should be planted together in prepared spots. 
They may be coated with red lead to prevent destruction by rodents. 
The red oak does not make very durable fence posts unless treated with 
a preservative. It should make posts under favorable conditions in 
about 30 years. 


A fifty-seven year old chestnut plantation at Greenville. The trees were transplanted 
when two years old and cultivated with hoed crops for about ten years. The plantation 
is on well drained soil. 


OHESTNUT 


_ Chestnut is hardy in the southern part of the State. It does well on 

rather poor, sandy soil but grows faster on better soils. The wood is 
very durable in contact with the ground and makes good fence posts as 
well as valuable lumber. The nuts should be stratified in moist sand 
over winter and planted in the garden in rows in the spring. The small 
trees should be set out in their permanent places when one or two years 
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old. The trees begin bearing nuts when about 12 years old. For forest 
plantations a spacing of 6 by 6 feet is best. Where nuts are desired a 
much wider spacing, not less than 20 by 20 feet, is necessary. 

A number of chestnut plantations have been established in Michigan. 
One plantation that is now 37 years old in Van Buren county has been 
bearing nuts for many years. The average tree is 14 inches in diameter 
and 65 feet tall and some years the plantation has yielded 15 bushels of 
nuts to the acre. Another plantation in Berrien county is now 45 years 
old and covers 4 acres. The trees were planted with a spacing of 28 by 
32 feet. The average tree is 20 inches in diameter and 65 feet tall. The 
yield in nuts varies from almost nothing up to 9 bushels per acre. A 
plantation in Van Buren county which is 12 years old is now bearing. 
The price of the nuts on the market is comparatively high owing to the 
fact that the trees in the East have been largely destroyed by the chestnut 
blight disease which has resulted in a great reduction of the supply of 
these nuts. Trees for planting should be obtained from within the State 
or from western states and not from the East owing to danger of intro- 
ducing this disease. 

BLACK WALNUT 


Black walnut is one of the best hardwoods to plant in the southern 
part of the State on fairly moist, fertile soil. It grows quite rapidly, the 
wood is very valuable and was in much demand during the war for gun 
stocks and airplane propellers. Owing to this demand a great deal of 
black walnut was cut and its replacement is desirable. The heartwood 
is durable in contact with the soil and makes good fence posts. In ad- 
dition to its timber value the nuts are edible. There is a great difference 
in the nuts, some are small, some thick-shelled, and some are compara- 
tively thin-shelled. By selection trees can be produced that will bear 
nuts with comparatively thin shells and of good quality. The black 
walnut develops a strong taproot early in life making it difficult to. 
transplant large trees. The seed may be planted where the trees are 
desired, but squirrels are very likely to dig them out. It is best to plant 
the nuts in the garden in the fall, and the shucks may be left on. The 
small trees should be transplanted to their permanent locations when 
one year old. For forest plantations a spacing of 8 by 8 feet is good, 
interplanting with Norway spruce or red oak so as to force the black 
walnut to. grow straight, as otherwise it will develop many low branches. 
For nut production a wider spacing should be used. 

The Persian walnut is not hardy in Michigan unless grafted upon hardy 
stock. There are a few Persian walnuts that have been so grafted 
upon black walnuts which are doing well, but the tendency is for the 
scions to die back leaving the black walnut to grow. 


RATH OF GROWTH 


In considering the growth of forest plantations the’amount of timber 
that is produced per acre is a better indication of the profitableness of 
planting any species or mixture of species than is the rate of growth of 
individual trees. A plantation of European larch, which is a fast grow- 
ing tree, will not produce so much timber to the acre as will a plantation 
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of white pine. The white pine can be grown closer together than the 
larch and while an individual tree in the open does not grow so fast the 
plantation will produce more timber to the acre. 

The following table gives the diameter and height of the average tree 
and the diameter of the maximum tree for a few existing plantations 
in the southern part of the State and the yield in timber is given in 
cubic feet. A standard cord of wood contains 128 cubic feet of space 
of which, in a stacked cord, about 30 per cent is air space between the 
sticks, so that an average standard cord contains about 90 cubic 
feet of solid wood. 


Diameter | Diameter Height Yield 
Age, Number average | maximum average per acre, 

Species. years. of trees tree, tree, tree, cubic 

per acre. inches. inches. feet. feet. 
Wihitempine: .cenhioe 2 cranes 8 500 i533 2b 9 

Wihiteypine. «oss seen oes 12 600 22 5.0 15 300 
WIG IpDINeS.,|.:).. Jae mice eee 18 680 6.0 9.0 28 1,600 
Wihitelplines (<2. ee amen 24 416 8.2 12eY 42 2,580 
INOLWAVESDIUGCE RM. Senn nein inet 20 1,120 5.0 8.0 24 1,456 
Mixed hardwoods. so.) .e cede. 42 162 9.0 50 2,264 

F@MEStINE Aas stot ae ee oe eae 12 100 4.0 Ft) 20 7 
S@HEStOUT Aes conte aes Mee eee 37 67 14.4 20.0 65 2,100 
ONES taUbRiere e es ae 45 Syl 19.9 PHN G) 65 2,700 
Catal pares Rac Joanie. Ceo 11 1,280 3.1 TES: 23 760 

alae ete. ea ee 12 834 4.0 8.0 24 850t 
Catala gon eee mn oon toe aes 25 100 10.0 15.0 45 810 
IBTACK@1OCusths soe Gane 10 620 3.0 8.0 16 173 
oneyalocust.. Sais. sees 23 260 5.0 12.0 40 650 
Blackswelnuil aewmiar: 01 tesa 23 524 3.0 10.0 20 260 
@arolina poplars >...) cesses 9 700 3340) 6.0 28 700 
Wilt tetas 2). wen dace senor 10 2,800 1.0 1 12 


*Planted with wide spacing for nut production. 
fAbout 80 ferice posts having already been taken out. 


Figures of the yield per acre of some plantations in other states are 
given below. These data have been compiled from various Government 
and State reports. 

Scotch pine and larch, New York, 25 years old, 18,000 board feet per acre. 
Scotch pine, New York, 35 years old, 27,000 board feet per acre. 

Silver maple, Illinois, 9 years old, 16.2 cords per acre. 

Silver maple, Iowa, 20 years old, 20.1 cords per acre. 

Black walnut, Indiana, 12 years old, 7.5 cords per acre. 

Black walnut, Lllinois, 38 years old, 33.8 cords per acre. 

White pine, Iowa, 21 years old, 4,760 board feet per acre. 

White pine, New York, 28 years old, 24,000 board feet per acre. 

White pine, Massachusetts, 38 years old, 29,000 board feet per acre. 
White pine, Massachusetts, 43 years old, 37,716 board feet per acre. 
White pine, Massachusetts, 55 years old, 43,796 board feet per acre. 
Norway spruce, New York, 22 years old, 10,000 board feet per acre. 
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White pine windbreak at East Lansing, 222 years old. There are two rows of trees, the 
average height of which is 29 feet. 


WINDBRDAK'S 

Windbreaks or shelter belts are useful in diminishing evaporation 
from soil and plants. The influence of a windbreak is proportional to its 
height and density. The shade cast by the trees has, however, a dam- 
aging effect on crops and the roots of the trees, if far reaching, may sap 
the soil moisture for some distance on either side. Species should, 
therefore, be used which have compact or deep reaching root systems. A 
windbreak can be used for the production of fence posts or poles. From 
the white pine windbreak at the College the seed is collected each seed 
year, in 1918 one hundred pounds of seed being obtained, worth at that 
time $2 a pound. 

For windbreaks a tree that retains its lower branches and which 
makes a dense screen is desirable. It is also usually desired to use an 
evergreen which retains its foliage all winter and to use a tree that 
grows rapidly and which will give quick results. Of such trees the 
Norway spruce, Scotch pine, Austrian pine and, where there are no 
currant or gooseberry bushes in the neighborhood, white pine are the 
best. For windbreaks it is best to plant a double row of trees, alter- 
nating the trees in the rows and spacing them about 10 feet apart in 
the row with about 8 feet between the two rows. If a single row of trees 
is used a closer spacing is necessary so that the branches will interlace 
and make a dense screen. 

If it is desired to produce fence posts, osage orange may be used. They 
can be cut back every few years and will sprout from the stumps. Silver 
maple and box elder are fast growing trees which are sometimes used 
but the roots are far reaching and the branches are often broken by 
heavy winds. 
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The following table gives the growth of trees in a few windbreaks in 
the State: 


Diameter, | Height, 


: Age, average average — 

Species. Locality. Soil. years. tres, eeee 

inches. feet. 
Norway spruce.......... Grand Haven..... San Gyisisten tore eeekoes 20 6.7 26 
Norway spruce.......... VOM SIS ee teiete cutee Sandee ae ote eae 28 9.1 48 
Norway spruce.......... Hollanding Sons. Sandy settee canoe 30 8.4 51 
Norway spruce.......... Javollleyatel Ws Oboe Sandiy Misses Sioucta 35 11.0 55 
White pine ban aie sae East Lansing..... Sandy loam....... 22 9.1 29 
Carolina poplar......... Grand Haven..... Sandy asa eee 17 10.2 45 
Carolina poplar......... oWand cee oe Sandyaete atone 28 17.4 65 
fOsage orange.......... OKeMOSe ss cieccne Sandy loam...... 33 3.0 23 


{This windbreak has been cut back occasionally. The osage orange will sprout from the stump. 


EXPHRIMENTAL PLANDATION AT GRAYLING 


In 1888, Dr. W. J. Beal, at that time Professor of Botany at the Mich- 
igan Agricultural College, made an experimental plantation of a large 
number of different species of trees on the lands of the College experi- 
mental farm at Grayling in Roscommon county. This plantation is now 
32 years old and offers a valuable example of what may be expected in 
the way of forest growth under such conditions. 

The soil is dry and sandy, typical of much of the jack pine plains of 
the State. The native species common on such soil in this locality are 
scarlet oak, jack and red pine. The experimental plantation originally 
contained the following varieties of trees. The list gives the number of 
trees of each species used and also the height of the seedlings at the time 
of planting. 


100 Canoe birch, 10 in. 100 Yellow willow cuttings. 
50 Camperdown elm. 100 American arborvitae, 6 in. 
20 Sycamore maple. 500 White pine, 10 in. 

20 Hackberry, 12 in. 100 Red cedar, 9-12 in. 

100 Black ash, 6 in. 100 Sugar maple, 6 in. 

50 Red elm, 6 in. 100 White ash, 1 ft. 

100 Red maple, 6 in. 100 Honey locust, 12 in. 

100 Hardy catalpa, 18 in. 50 Box Elder, 24 in. 

1900 Black locust, 16 in. 100 Norway maple, 12 in. 

200 Silver poplar cuttings. 50 European elm. 

100 Balsam poplar cuttings. 20 Kentucky coffee trees, 6 in. 

100 Wisconsin weeping willow 100 Black cherry, 12 in. 

cuttings. 50 Basswood, 4 in. 

100 Silver maple, 24 in. 100 Scotch pine, 9-12 in. 

100 American beech, 18 in. 100 Norway spruce, 9-12 in. 

100 American elm, 12 in. 200 European larch, 9-12 in. 

200 Russian mulberry, 6 in. 100 Green ash, 1 ft. 

200 Large white poplar cuttings. 100 Yellow birch, 6 in. 

100 Balm of Gilead cuttings. 50 White spruce, 9-12 in. 

100 White willow cuttings. 200 Red pine, 4-6 in. 

100 Purple willow cuttings. A few pitch pine. 


A few Lombardy poplar. 
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The land was plowed and harrowed and the trees set in rows 4 feet 
apart and 4 feet apart in the row. The plantation covered about one 
acre. For the first 2 or 3 years after planting the plantation was culti- 
vated but after that no care was given it. 

Of the 40 odd species planted less than half remain and of these only 
about a half dozen, all conifers, may be said to have succeeded, and 
only 3 or 4 have demonstrated their ability to grow to advantage under 
these conditions of soil and moisture. 


HARDWOODS 


Of all the hardwood species which have survived none have shown any 
possibilities. They have largely failed even to develop to tree form 
and are mostly merely a scrubby growth, being either unable to with- 
stand the severity of the climate or the infertility of the soil. 

The largest elm is only 4 inches in diameter as compared with upwards 
of 8 inches for many of the conifers. Two Lombardy poplars are 40 feet 
tall and 7.5 inches in diameter. Most of the others have been broken 
by wind or ice. Some of the other species of poplar attained rather strag- 
gling tree forms before being killed back by adverse conditions. The 
black locust has succeeded in obtaining a foot-hold and has spread out 
into the field on both sides but it does not assume tree form. The leaders 
are killed back almost annually by late frosts and the result is a growth 
of valueless brush. A few trees in the interior of the plantation have at- 
tained a height of 20 feet and a diameter of 3 inches. It is noteworthy 
that no oaks 7 were planted, although certain species of oak occur naturally 
on similar sites. 


The forest plantation on sandy soil at Grayling. 


CONIFERS 


Of the 9 species of conifers planted, specimens of all still exist but only 
a few have apparently demonstrated their ability to succeed under these 
conditions, the red pine, white pine and Norway spruce. Two others show 
possibilities, the Scotch and pitch pines. The others have either made 
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such slow growth or grow under such disadvantages that their use for 
forest planting on a large scale in similar localities should not be at- 
tempted. 

The conifers arranged in order of their success are red pine, Norway 
spruce, pitch pine, white pine, Scotch pine, European larch, red cedar, 
white spruce, and white cedar. 

The red pine has succeeded the best of all the species planted. Next 
to the Scotch pine it has the largest average diameter and its average 
height growth is practically the same as that of its nearest competitor, 
the Norway spruce. The largest red pine is 10.2 inches in diameter and 
the smallest, 3.5 inches, and there are very few trees under 5 inches in 
diameter. The planting distance was a little close for red pine and 
resulted in the suppression of many trees. The average diameter is 6.8 
inches, making an average mean annual diameter growth of 0.2 inches. 
The average mean annual height growth is 0.8 feet. 

Of the 100 Norway spruce planted, 56 remain. Probably over 30 have 
been cut for Christmas trees, so that the percentage of Survival has been 
high. The maximum diameter is 7 inches. Many of the trees have been 
badly suppressed and so there is much variation in size. The average 
mean annual growth in diameter is 0.13 inches and in height, 0.8 feet. 
The Norway spruce has been attacked to some extent by the spruce gall 
which, however, has done no serious damage. Probably part of the good 
growth of this species is due to the fact that it was planted in the two 
outside rows and so had more light and growing space than some of the 
others, but even so it has proven itself capable of growing and doing 
well under the soil and moisture conditions present which would gen- 
erally be considered as too severe for the species. The trees appear to 
be still growing at a good rate. It is commonly stated that Norway 
spruce is short-lived in this country, seldom lasting over 50 years. 

At least 2 pitch pine were planted, having evidently been mistaken 
for Scotch pine. Although a light-requiring species and growing in 
the interior of the plantation they have done well. Their average mean 
annual growth in diameter is 0.18 inches and in height, 0.7 feet. While 
it would be unwise to generalize from 2 trees the species seems to have 
promise on this site and it is known to produce better lumber than jack 
pine. 

There were planted originally 500 white pine, nearly three times as 
many as any other species. White pine is now the most numerous tree 
in the plantation. The average mean annual growth is 0.16 inches in 
diameter and 0.7 feet in height. The white pine is in general less healthy 
than the red pine and wherever in the plantation the two trees grow 
side by side the red pine is the leader. 

Of the 100 Scotch pine planted, 11 trees remain alive. They have 
developed a very poor form and are largely crooked and short-stemmed 
with branches clear to the ground. They are badly infected with a 
fungus disease, a peridermium, which has destroyed their form and 
resulted in the death of several individuals. Therefore, despite the good 
average dimensions of the trees, they cannot be regarded as having suc- 
ceeded. It is probable that if they had not been attacked by this disease 
and had been planted closer together, the results would have been much 
better. The largest of the Scotch pine is 10.5 inches in diameter and the 
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average tree is 8.1 inches, giving an average mean annual diameter growth 
of .28 inches. The mean annual height growth is 0.8 feet. 

Two hundred European larch were planted, of which only three re- 
main. Of these two are healthy and growing rapidly, the third is par- 
tially suppressed and dying. Their average mean annual growth in 
diameter is 0.16 inches and in height, 0.7 feet. Apparently the species 
is able to do well if it gets a good start and is not suppressed. It is, 
however, liable to injury by late frosts. 

Of the 100 red cedars planted, only about 6 remain. Many, however, 
have been cut for Christmas trees which partly accounts for the high 
rate of loss. The red cedar is very intolerant of shade and many of the 
trees in the interior of the plantation were suppressed. Its rate of growth 
has been very slow, the trees averaging only 8 inches in diameter. This 
species might be used for ornamental planting in this part of the State 
but its slow growth precludes its use for forest planting. 

Fifty white spruce were set out in the rows next to the Norway spruce. 
There remain about a half dozen specimens, varying in diameter from 
2 to 3.5 inches and from 15 to 20 feet in height. Although the white 
spruce was less favorably situated than the Norway spruce, the great 
difference in growth cannot be laid entirely to that, and seems to be 
conclusive evidence that for planting on relatively dry sites, for a short 
rotation at least, the Norway spruce is the better tree. Further north, 
however, the white spruce might make the better showing. 

Of the 100 arborvitae, or white cedar, originally planted, several re- 
main and their average diameter is 2 inches. The site is too dry for this 
species which is a tree requiring considerable soil moisture. 

The following table gives the diameter and height of both the maximum 
and average trees of various species in the plantation 32 years after it 
was established. 


Maximum |} Maximum] Average Average 
diameter, height, diameter, height, 
inches, feet. inches, feet. 


ee 


Gdg ITC epee taters cieectokeiato le ckerescuctorine aro afetsuenel aca saie abehevete 10.2 35 6.8 28 
INGEWayeSDrUGO ke ccha canis sve crsicue tela cte le) eek niet esbeloraciensi cts 7.0 35 4.6 28 
Teil Wel Ate SB GE AO OMI ORE ODic Aerie CCL AELO old Denaiciee Gat 30 6.3 25 
WARE YD lino brn seats ntancte tite: sraiteuacshelstee ago et tarelanele hits hot 30 5.6 24 
SCOUCHEMIME isc eichovnroke che, sherlc (alte sua reltverecenehe suecnieys ate 10.5 30 8.1 27 
UNO PCRISVAT CH ae cara chars evene screams rs ielohaste teuestay ane caialle tenerelert 6.5 25 5.5 25 
FREGECEM AT. Ss etvcre tesroted cher echoes otic pewe aie eifeuavepslisus iikisy Bogeraalts 3.5 20 3.0 20 
SWAT CISPrUlCesnyan rics nitretwis cuekal oc eewerelelafacn eveheiecs tte ne 3.2 20 2.7 18 
AVVO COC aT heey cya ce tran, sy stoner cerecanenre oye seen tare a tehePare fe als 2.5 15 2.0 11 
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INTRODUCTION 


The fertility of the soil is the greatest of our natural resources. It is highly 
desirable, therefore, that we have at our disposal all the information con- 
cerning our soils that it is practicable to gather. The location of different 
soil classes or kinds of soil, the nature of their subsoils, the drainage condi- 
tions and their agricultural possibilities should be known. Moreover the 
amount of the several elements of plant-food and the lime requirement of 
the different soils should be determined so that they may be most intelli- 
gently managed. 

Certain members of the Soils Section of the Michigan Agricultural College 
Experiment Station prior to May Ist, 1920, did a great deal of general or 
reconnaissance soil classifying and mapping. Samples of the representative 
soils of several areas were collected and analyzed for their plant-food con- 
stituents, observations made on the agricultural conditions and _ reports 
written. Since that date the Soils Section of the Michigan Agricultural 
College Experiment Station entered into a cooperative agreement with 
the U. S. Department of Agriculture, Bureau of Soils, whereby the soils 
of the State are to be classified and mapped in detail. Under this agree- 
ment the salaries and expenses of the field men are shared equally by 
these organizations. In addition the former pays for the cost of publishing 
the soil reports and maps, which means that for each dollar the State spends 
the U.S. Department of Agriculture furnishes about one and one-half dollars. 

It has been deemed advisable to publish the results of the preliminary 
or general soil surveys at this time rather than to wait for the more detailed 
report. Colored maps were not printed because of their high cost and it 
did not seem practicable to expend several hundred dollars for such in this, 
our preliminary work. 


483 


EXPERIMENT STATION BULLETINS. 


LAHE SUPER/OR 


Veony obs =AWYv7 


484 STATE BOARD OF AGRICULTURE. 


DESCRIPTION OF AREA ay: 


Special Bulletin No. 104 


AREA SURVEYHD 


BY M. M. MCCOOL AND G. M. GRANTHAM-——SOILS SECTION 


A reconnaissance or general soil survey was made of the Detroit area 
including Monroe and parts of Wayne, Washtenaw and Lenawee counties. 
All of Wayne was surveyed with the exception of the northwest two-thirds 
of Northville and Plymouth townships. In Washtenaw parts of Saline, 
York, Augusta, Ypsilanti and Superior townships are included. About half 
of Lenawee county has been surveyed including all of Fairfield, Ogden, 
Riga, Deerfield, Blissfield, and Ridgeway townships and the southeast part 
of Seneca, Madison, Palmyra, Raisen and Marion townships. The entire 
district is comprised of about 1,543 square miles of 987-520 acres. The area 
is situated on the west side of Lake Erie, the Detroit River and part of 
Lake St. Clair. It is bounded on the north by Macomb and Oakland 
counties and on the south by the State of Ohio. It is in about the same 
latitude as Boston, Massachusetts, and in about the same longitude as 
Columbus, Ohio. 


_ Fig. 1.—There are several sand ridges in the area which are said to have been former lake shore 
ue hee? vary in height, the soils are quite light in texture, low in nitrogen, humus, lime and 
phosphorus. ; 


The Detroit area includes a small part of the old lake basin which covers 
an extensive area in eastern Michigan and northern Ohio. The outlet to 
this old glacial lake has been lowered until, at the present time, large areas 
of former lake bottom are very productive lands. 
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The surface features may be conveniently divided into five distinct divisions. 
First, the sand drift which extends parallel to the shore line near the center 
of Wayne and Monroe counties, touching only the extreme southeast corner 
of Washtenaw county and extending through about the center of the old 
lake bed district of Lenawee county. 

Second, the level to undulating lands which are along the shore line ex- 
tending inland from five to fifteen miles. Narrow strips ranging from one to 
five miles wide are found between the sandy drift in central Monroe county 
and in the extreme southern part of Wayne county. The same surface 
features are to be found bordering the west side of the area and are much 
more extensive than those along Lake Erie and the Detroit river. 

Third, the old deltas formed where streams entered the Lake. These 
formations are most prominent where the larger streams flow from the 
upland on to the old lake bed district. Such formations are very distinct 
east of Adrian, Saline, Ypsilanti, Plymouth and Northville. 

Fourth, gravelly ridges ranging from four to twenty feet above the level 
land and extending approximately parallel to the present lake shore line and 
for the most part found near the upland soils along the west side of the old 
lake bed. Such ridges were on the shore lines of the Lake and may be easily 
distinguished from the sand ridges by the coarse material and an occasional 
pocket of gravel. 

Fifth, the river flood plains and terraces which lie along the larger streams. 
Such surface features are not wide in extent yet furnish excellent farming 
land because of their fertility and thorough drainage. Few terraces occur, 
the most important one being near Bellville in Wayne county which extends 
about six miles along the Huron river and ranges from a few rods to approx- 
imately three miles in width. 

Very little rough or broken land is to be found in the area. The bluffs 
along the rivers and streams are very low ranging from only a few feet to 
twenty to thirty in the more rolling land. The streams have ample fall for 
drainage yet the channels are relatively new compared to the rough and 
broken lands along streams outside this area. 

The general slope of most of the area is toward Lake Erie and the Detroit 
river. The elevation at these points ranges from 575 to 600 feet above 
sea level, the rise being gradual back to the old shore lines of the Lake 
where near the upland the elevation varies from 600 to 800 feet. 


MARKETS 


Detroit and Monroe are the two largest cities in the area. Adrian, Ypsil- 
anti, Ann Arbor, Michigan and Toledo, Ohio, are others located close to the 
area and afford excellent markets and shipping points for farm produce. 


TRANSPORTATION 


Transportation facilities are excellent. The main railroads of importance 
to the area are the Wabash, Lake Shore and Michigan Southern, Pere 
Marquette, Michigan Central, Ann Arbor, Grand Trunk and Detroit and 
Toledo. Numerous electric lines radiating from Detroit and Toledo are also 
a valuable asset. The main highways surrounding Detroit are excellent. 
It is possible to travel from 10 to 30 miles out of Detroit on concrete roads. 
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Other than the main roads just mentioned the roads throughout the entire 
area are poor, yet good roads are being constructed quite rapidly. 

Water transportation is well developed. A greater part of the livestock 
raised in Monroe and Lenawee counties is marketed in Cleveland and Buffalo 
by this means. 


DRAINAGE 


The most important factor limiting maximum crop production’ in the 
greater part of the Detroit area is lack of drainage. Thousands of acres are 
seeded late in the spring because of inadequate means of carrying away the 
heavy rainfall. The level formations so characteristic to the old lake bed 
area do not allow a rapid removal of surface water and the surface_soil is 
usually rather heavy and impervious thus impeding under drainage. :. The 
subsoil is represented by three kinds namely, impervious clay, sandy clay, 
and granular clay or “honey comb,” yet only small areas of the two latter 
conditions occur. Where no artificial drainage is present the loss of water 
takes place by evaporation and seepage both of which remove water very 
slowly. 


Fig. 2.—Improper drainage is the chief limiter of crop yields over much of this area. 


The natural drainage is well established for the level land. The rivers 
Raisin, Huron, Ecorse and Rouge and creeks Otter and Swan with their 
tributaries are the principal natural drainage channels for the area. 

Artificial drains are being built in the form of dredge ditches as well as 
shallow surface field and tile drains. Only a few dredge ditches are con- 
structed because for the most part outlets for smaller drains are easily 
obtained. ‘The larger per cent of the field drains consist of “dead furrows” 
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made when plowing the land. Such drains carry away the surface water 
readily but do not drain the saturated soil and subsoil, and moreover require 
considerable time in their construction each year and result in appreciable 
amounts of waste land in cultivated fields. 


Fig. 3.—Natural drainage courses usually afford ample outlet for tile drains. 


CLIMATE 


The climatic conditions of the Detroit area are fairly uniform. Near Lake 
Erie and the Detroit river frosts are retarded somewhat but this is only 
for a few days. The nature of the topography does away with practically 
all frost pockets. 

Climatological data from three stations of the U. 8. Weather Bureau are 
given, Data from the Detroit station are representative of the water front 
while that taken from Plymouth represents some of the highest land in the 
entire area. The latter being located on one of the delta formations near the 
glaciated uplands. Eloise is located on one of the medium elevations of the 
area and about equidistant from the shore and the uplands. 
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NORMAL MONTHLY, SEASONAL AND ANNUAL TEMPERATURE AND PRECIPITATION 
AT DETROIT, ELOISE AND PLYMOUTH. 


Detroit. Eloise. Plymouth. 
Length of Record 47 years. 21 years. 21 years. 
Temp. Rainfall, Temp Rainfall, Temp. Rainfall. 
Month. oF. Inches. oF, Inches. oF, Inches. 
December yi rei pevcversta keer 28.5 2.39 26. 17 27.9 1.42 
VATIULAT YS «elie o cee cere ales ere tiorue 24.3 1.98 24.6 2.19 24.0 1.95 
EDRUALY fe = cals closet eleheade 25.0 2.19 20. 2.15 22.1 1.46 
PWilnntereet 4/0). stars tateecoeerene 25.9 6.56 23.9 6.51 24.6 4.83 
NGATCH 4 es Mestom oe Wine eee 32.9 DAAC YE 35.2 2.16 33.8 1.52 
ADL ears Ravaleloy sca cv ebsye tear tenes 45.5 2.33 46.3 2.30 46.2 1.86 
WY os RS CRA NG CREO REE cesincmne 57.0 3.27 57.3 3.07 58.4 3.08 
PUIG a yes fat oretent hie 45.1 7.97 46.3 1 le83 46.1 6.46 
DUNC ate whats cote rotrsiaoe 67.8 3.89 66.9 2.69 68.5 3.19 
SU yee eater vie atelier «ate hess were 72.0 3.48 12.8 3.29 71.8 3.45 
PAUIETUIS EF ois fa Shaleverattcroh ee crete 69.9 Dievdidl 70.2 PIT 70.2 1.95 
SiitosinesgRe amortematoo re 69.9 10.14 70.0 8.75 70.2 8.59 
September .ccssvac whe ce ete 63.1 2.48 64.2 2.73 62.8 .45 
Ociobertse yan ors. sha kinks ee Oli 2.38 52.7 2.58 51.9 2.85 
INDY SWIVEL ys snc toes Cae 38.6 4.63 38.4 1.88 39.4 2.63 
ale seats inte sta Cosa yanks §1.1 9.49 lit eld 51.4 7.93 
RViCRIere a sis cretion sche 48.0 34.16 48.0 29.98 49.0 27.81 


The climate, from an agricultural standpoint, is quite desirable. The 
winters are of medium length with an average of approximately 45 inches 
of snow fall. The summers as an average are of sufficient length to mature 
the crops grown. The rainfall which normally is 30.8 inches is ideal for this 
location. The following data taken from four U. 8. Weather Bureau Stations 
in the area give valuable information regarding the time of frosts and the 
average length of growing season. 
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Date of Date of Av. date | Av. date Leneth of 
latest earliest of last of first LS iH 
Station. killing killing killing killing ates 
frost in frost in frost in frost in | § de Hs ue 
spring. autumn. spring. fall. ys. 
PSLGSGINE ac, heya te Coe cia ia eh ao ate a al sreteteeleveraracs, « May 27 | Sept. 18 | May 8 | Oct. 9 154 
ROEROLGR ete are, sto 2 aco ci ohalel coclaiiatavatels evel a ese ets May 31 | Sept. 22 | April 29 | Oct. 138 167 
RGR ERTNO cst hate fevejets: oils Tatevers cheveieie 6) afalaysrehays! wisi > May 28 | Sept. 19 | May 7/| Oct. 138 159 


AL EMOUIE yore oye taceye, siaisieisiclateues sl els/elictolisieveiele © May 28] Sept. 2| May 7/1 Oct. 13 149 


Severe storms are very rare. Hail storms occasionally accompany heavy 
rains in the growing season and cause considerable damage to corn and oat 
crops. Such storms are only local, however, usually ranging from 14 to 144 
mile in width and from 14 to 14% miles in length. Records from this portion 
of Michigan show an average of 134 clear days per year, 101 days partly 
cloudy, and 130 days cloudy. The prevailing winds are from the southwest, 
the local winds, however, have an important bearing on this particular area 
because of the close proximity to the water. The differences in changes of 
temperature of the air over the land and water cause local winds, called 
lake breezes, which are important from an agricultural standpoint during 
the hot part of the season. 


AGRICULTURE 


The agricultural development was slow. The first agriculture started near 
Lake Erie and along the Raisin and Huron rivers on the higher and sandy 
lands, was due to ease of clearing and of tillage, and to natural drainage. 
As water transportation developed making accessible the markets of Detroit 
and Toledo, agriculture rapidly developed into an important industry. At 
present 74 per cent of this fertile lake bed is improved. The last to be de- 
veloped (1850-1875) was the low land in the extreme southeastern part of 
Lenawee and the southern part of Monroe counties known as the “black 
swamp” by the Indians and French settlers. This includes some of the best 
agricultural lands in the United States. 

Owing to soil and climatic conditions this area has a wide crop adaptation. 
Although the staple farm crops are grown, there has been considerable change 
in the yields and crops grown since the area was first cultivated. Corn, 
wheat and potatoes were the first principal crops raised. The rapid depletion 
of the fertility of the sandy land lowered the yields, while the production 
increased on the heavy land because of artificial drainage. On account of 
the introduction of live stock, the proximity to large markets the aspect has 
changed until at present, the live stock, dairying, grain and hay farming and 
truck gardening have reached a high state of development. 

While a greater part of the grain produced is fed to live stock on the farm, 
some is marketed. In the heavy land districts usually more grain is grown 
than can be fed to the stock but the reverse is true on the sandy land. Of 
the southern half of the area approximately 24 per cent of the improved land 
is seeded to corn annually while of the north half corn is grown on only 15 
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per cent. In the dairy districts corn is used mainly for silage while in the 
grain districts it is husked from the stalk and stored for feeding purposes. 
A greater part of the corn is grown on heavy land, the average yield thereon 
being 40 to 55 (72 lbs. ear corn) bushels per acre. On sandy land the yield 
is rather light being about 25 bushels per acre. There is a tendency to sub- 
stitute rye and barley for corn as sources of grain for livestock. 

Oats are quite extensively grown on both light and heavy land. Approxi- 
mately 14 per cent of the improved land is seeded to this crop.. In more 
recent years the oat crop is being replaced to an appreciable extent by wheat. 
The heavy land yields as an average about 50 bushels per acre while the sandy 
lands yield only about half this amount. Only a small per cent of the oats 
raised are fed on the farm. 

The Wheat acreage is gradually increasing throughout the area. Fall 
sown wheat has not been winter killed to any great extent, for a number of 
years; this together with the high price accounts for the increased acreage. 
Practically all of this crop is grown on heavy land, the average yield being 
about 25 bushels per acre. 

Barley has recently become an important crop and its acreage is gradually 
increasing. Its production is confined to the heavier soils, the average yield 
being about 40 bushels per acre. Most of this crop is grown for feeding 
purposes taking the place of corn when the supply of the latter is limited. 

On sandy land, which is becoming depleted of its fertility, rye is one of 
the main crops. Most of the rye produced is marketed. The yields ob- 
tained are quite variable depending upon the fertility of the land. Potatoes 
is another important sandy land crop. The yield averages approximately 
100 bushels per acre. 

The Hay Crop consists mainly of a mixture of timothy and clover and 
occupies quite a large acreage throughout this area. The need of growing 
clover in order to maintain the fertility of the soil is generally recognized 
and for this reason the acreage of clear timothy is rapidly decreasing. While 
most of the hay crop is fed some is put on the market and shipped to 
eastern points. 

Other Crops of minor importance which thrive when properly managed 
are buckwheat on poor sandy land, sugar beets on heavy land near beet 
factories or where they can be easily shipped, and alfalfa which is just begin- 
ning to be grown extensively in the area. 

Truck Gardening occupies a very prominent position in the agriculture of 
this area. Along the lake front and in much of Wayne county truck farming 
predominates. Good transportation facilities in these districts make it 
quite easy to reach such excellent markets as Detroit, Toledo and Monroe. 
Most of the produce marketed is consumed in these cities yet some is shipped 
by rail and water to eastern markets such as Cleveland and Buffalo. 

Fruit. Very little tree or bush fruits are grown other than for the farmers’ 
individual needs. 

Live Stock. The fattening of live stock is an important industry in most 
of the grain growing sections. The two principal classes of stock fed are 
hogs and beef cattle. In some sections lambs are fed with profit but as yet 
the number fattened is relatively small. Practically all of the hogs fitted 
for market are raised in this area but the reverse is true of the beef cattle 
and sheep. A large per cent of the live stock is put on the markets in Detroit, 
Toledo, Cleveland and Buffalo by the farmers who have fattened them. 

The horses of this area are above the average of the State in quality. The 
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heavy soils necessitate the use of a heavier type of horses than is usually 
found on the sandy districts of Michigan. 

Dairying is important to the area. Throughout Wayne county and along 
the lake in Monroe county the larger farms are devoted principally to dairy- 
ing. In other sections this type of farming is secondary although many 
farmers keep from five to seven cows. 

The general methods of farming that are followed are somewhat different 
from those practiced in other parts of Michigan, the systems used being 
practically the same as are employed in the corn belt districts of Ohio, Indiana 
and Illinois. Grains are threshed mainly from the shock in the field and corn 
for grain is husked from the standing stalk. Hay is stored in large barns, 
very little being stacked outside. Modern machinery is used in practically 
all branches of farming, the heavy land necessitating the best grades of farm 
machinery obtainable. The value of the farm buildings and their upkeep 
is generally directly proportional to the value of the land on which they are 
located. The farms of the heavy land districts are as well equipped in this 
respect as any in the United States; large stock and hay barns with well 
constructed silos are common, and the residences on this land for the most 
part are well constructed and supplied with modern farm home conveniences. 
The farm buildings and their state of repair on the sandy areas, as a-rule, are 
not so commendable. 

Commercial Fertilizers. A large amount of fertilizer is used throughout 
this entire area, complete fertilizers varying in composition being preferred 
by the farmers. In the sugar beet districts fertilizers with high potash 
content are in demand while in the grain growing districts phosphorus 
receives more emphasis. Local dealers in towns of Monroe and Lenawee 
counties handle from three to twelve car loads of fertilizer per year. In the 
northern half of the area the consumption is less because of greater amounts 
of available manure. Fertilizers are applied mainly to the wheat and corn 
crops, the amount applied varying from 100 to 400 pounds per acre with an 
average application of 175 pounds. Practically all of the fertilizer is dis- 
tributed by means of drills with fertilizer attachments. Acid phosphate has 
been used in only a few cases but has given excellent results where employed. 
Very little lime has been used in this area. The sandy soils which have 
received an application have given good results while the heavy soils do not 
seem to respond to it. Different forms of kme are used but the ground 
limestone is the most popular, from 500 to 1,000 pounds per acre being used. 

Barnyard Manure. Because of the large amount of live stock fattened in 
this area barnyard manure is produced in large quantities. Unfortunately 
the greater part of it is carelessly handled, large piles being exposed to the 
weather for long periods of time. Practically all of the manure is distributed 
by means of manure spreaders. Autumn applications are common on the 
undrained heavy soil since it is practically impossible to spread the manure 
in early spring. 

The Size of the Farms Varies. In the grain and livestock farming districts 
the acreage approximates eighty acres. Nearer. Detroit and Toledo, Ohio, 
farms are quite small averaging approximately eight acres. About 75 per 
cent of the farms on heavy land and 90 per cent of those on sandy soil are 
operated by the owners. Near Detroit a different condition prevails since the 
farms are owned largely by city men. : 
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SOILS © 


The soils from this region are mainly those derived from glacial deposits. 
The reworking by water and wind, weathering and plant growth have changed 
the soils to a great extent. The surface soils are usually friable and well 
supplied with organic matter. ‘The sandy areas are probably shore lines of 
ancient lakes but they have been reworked by both wind and water until 
all semblance of beach lines is now gone. 


TABLE 1.—EXTENT OF DIFFERENT SOILS. 


; Pei cent 
Soil. Ghia Acres. 
(GIR Kal (high Sek se PASE TORO ete D ICMR RAEN ai Cece icons G Claes Gree ak Wine text cnctthe.oker 10 98 , 752 
SLE LO NG ph Liem ee Pee iNet ator oes: & fo ecvelatua Teck [eve chake WEE MCMeIAN che olde el re\ saan eek oer eae 30 295,256 
IB TOM GSAT ova Wie Pepeaetarc lee shal slaves cso eid sup avanave. Ure Roleraieite oie sate folate re ie akeeete eaeiorele 40 395,008 
SANG yrlOmmy gsi ate ya ea crete re eek HM aaaua ale ele Ae elated erates oka core le Soe Poe ies 15 148,128 
ITO) SANG Val O BIN spacer ey hen edelessisce elk bet hayosote cover caccode ralete rere states oer enone iene ateenetetor 3 29,625 
Sandydoamvonveravelly Subsoll.. os alc cet cuate creve,o ereusigia cr caste sige heehee reieeiet on 1 9,875 


Riveniood plainse 4 wees seas bee eee eet ee ele ns cece ee elee ee eeeceee 1 9,875 


The underlying rock is limestone and varies from 10 to 300 feet from the 
surface. Where the limestone approaches the surface it is removed and used 
for agricultural lime, for road building and for other purposes. Between 
Detroit and Rockwood the rock lies near the surface and here large stone 
industries are established. 


HEAVY SOILS 
CLAY LOAM 
Extent of Type: 

This soil type is rather limited in extent covering approximately 10 per 
cent of the area. It includes the “black swamp” region so well known to the 
Indians and early settlers. It is most extensive in Lenawee county covering 
parts of Fairfield, Ogden, Riga and Deerfield townships. Whitford, Summer- 
field, Bedford and Erie townships in Monroe county, and Ecorse and Man- 
guagon in Wayne county also have limited areas of this valuable soil. 


Topography and Variations in Type: 

The topography of the clay loam is level to slightly undualting. There 
probably is no other area of this extent in Michigan which presents such a 
flat surface feature. 

The area is quite uniform in type yet the slight changes in topography are 
invariably followed by a change of type or variations in the same type. The 
lower lands contain a clay soil high in organic matter which makes them 
quite friable. The knolls are composed of much lighter soil than the level 
land and could correctly be classed as loam, however, the extent of these two 
variations in type is quite small and therefore they have not been isolated 
on the accompanying soil map. 
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Description: 

The surface soil to an average depth of 10 inches is a black clay loam, 
quite friable due to the high content of organic matter. Occasionally in 
the lower layers of the surface soil there are yellow to brown mottlings. 
The subsoil is a yellowish brown clay well mixed from 10 to 20 inches 
with the larger silt particles. This stratum also contains grayi8h brown 
mottlings. Below 20 inches is a yellowish clay quite impervious to water. 
Occasionally a sandy clay subsoil is encountered just beneath the surface 
soil but at 20 inches it changes into the impervious clay so typical of this 
area. Granular subsoils are also to be found just beneath the surface soil 
but such variations are only small in extent. 


Fig. 6—Small grains are the principal crops grown on the heavy land. Usually the yields are 
satisfactory when the soil is properly fitted. 


Drainage: 

This type of soil has the poorest natural drainage of any in the area and has 
caused a demand for artificial drainage. Dredged ditches, surface field and 
tile drains have been constructed until now this network of channels carries 
away the water sufficiently for field crops to grow. Surface field drains are 
probably in use more than are tile because of their inexpensive installment, 
yet they necessitate an excessive amount of waste land in the cultivated 
field. ‘Tile drains for the fields are quite expensive, the heavy subsoil neces- 
sitating the placing of laterals close together, however, they furnish the most 
efficient means of drainage. Field results:show that for greatest efficiency 
tile lines should be placed not more than 4 rods apart. Where the sandy 
clay or granular subsoil occur tile lines can be placed from 6 to 8 rods apart 
and yet give efficient results. Although large amounts of money have 
been invested in drainage systems it can be truthfully said that the lack of 
drainage is still the first limiting factor to the most successful agriculture. 
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Fig. 4.—There is much land that does not produce crops, owing to the frequency of the surface 
drains that are formed by means of the plow. 


COMPOSITION OF THE CLAY LOAM 


Nitrogen and Organic Matter. The clay loam contains a large amount 
of organic matter as is evidenced by the black color of the soil. Analyses 
show from 9.19 per cent to 9.73 per cent of volatile matter which corresponds 
approximately to organic matter. This is due to the swampy condition in 
which these areas existed for many years thus allowing heavy growths of 
vegetation to return to the soil. The nitrogen:content corresponds with the 
high content of organic matter, analyses showing from 5,800 to 6,416 pounds 
per acre six inches as compared to 3,000 pounds in average black clay loam 
soil. The dark green color of the growing crops and the general tendency 
ef small grains to lodge bear witness of the plentiful supply of this element. 


Phosphorus. This soil contains a medium amount of phosphorus, analysis 
showing from 1,600 to 1,780 pounds per acre six inches. This type normally 
should contain approximately 2,000 pounds of phosphorus per acre. Phos- 
phate fertilizers when applied usually give excellent returns as might be 
expected. Unlike the element nitrogen, phosphorus can not be drawn from 
the air by certain crops and stored in the soil but must be added in either 
manures or fertilizers. Owing to the slight deficiency of this vital element 
it may be well said that phosphorus is the first limiting element of soil fer- 
tility and its supply should be replenished at frequent intervals. 

Potassium. The element potassium is much more abundant in soils than 
either nitrogen or phosphorus, normal soils containing approximately 30,000 
pounds of this element in the surface layer. Analyses of the potassium 
content of the clay loams show variations from 47,290 to 49,660 pounds per 
acre of surface soil. Potash fertilizers have not given satisfactory results 
except where sugar beets have been grown which indicates as does the analy- 
sis, that this element is well supplied. 

Soil Acidity and Liming. Chemical analyses show that the greater part 
of the subsoils contain carbonates and that the surface soils are alkaline or 
sweet in reaction. Excellent crops of clover and alfalfa are being grown 
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without the use of lime. Applications of lime have been made but no in- 
creased yields have resulted. All conditions indicate that an abundant 
supply of lime is present in this type of soil. 


SILT LOAM 


Extent of Type. The silt loam is probably first in importance in this area 
because of its fertility and extent. This type covers approximately 30 per 
cent of the area and is not confined to any one district but as shown by the 
map is well distributed throughout the area. The most extensive deposits 
are in north eastern Lenawee county, northwestern Monroe county and in 
the extreme southern part of Washtenaw county. Another area of importance 
is along Lake Erie and the Detroit river. 


Topography and Variations in Type. The topography of this type is from 
level to undulating. Where the old shore lines occur there are ridges which 
should be classed as rolling, however, these cover only a very small part 
of these areas and are scarcely worthy of mention. 


Fig. 7.—Alsike clover does well on the heavy land. 


The level land is composed of a heavy phase of silt loam. The undu- 
lating districts are more variable, the knolls being typical silt loam, while 
the draws and pockets range from clay loam to heavy silt loam. The latter 
type is high in organic matter and quite friable. The old shore line ridges 
are sandy in nature varying from a gravelly sand to heavy sandy loam. 


Description. The surface soil is composed of a heavy phase of dark 
colored silt loam containing a high content of organic matter which renders 
it quite friable. The depth on the knolls ranges from 4 to 6 inches, on the 
level land 8 inches, while in the draws and pockets it is much deeper, ranging 
from 10 to 20 inches. 

The subsoil is a yellowish brown tight clay to a depth of 18 to 20 inches. 
Grayish brown mottling is quite prominent in this stratum. Below 20 inches 
occurs 4 quite impervious yellow clay except in the lower lands where the 


496 STATE BOARD OF AGRICULTURE. 


subsoil is grayish blue in color. A more uniform subsoil than that which 
occurs under this soil is seldom found. 

The subsoil of the old shore line ridges is generally gravelly. Several 
gravel pockets, shallow in depth, furnish considerable material for road 
ballast. 


Drainage. This type of soil has a good natural drainage system so far as 
the main drain channels are concerned, yet drainage is one of the first limiting 
factors to most successful agricultural practices. The majority of the 
drains are open surface ditches although tile are rapidly replacing them in 
most communities. The excessive amount of waste land, caused by open 
surface drains, can be put under cultivation when tile are used and thus 
compensate in part for the excessive cost of tile draining. The digging of 
the greater part of the channels for tile drains by ditching machines has 
also reduced somewhat the cost of installing. Lateral tile drains usually 
should be placed 4 rods apart for best results with this soil. 


COMPOSITION 


Nitrogen and Organic Matter. The organic matter content is good being 
only slightly lower than that of the clay loam. Analyses show an average 
of nine per cent of volatile matter, which indicates the relative amount of 
organic matter contained. 

The nitrogen content of this soil is quite high, analyses showing an average 
of 5,638 pounds in the surface layers. Crop conditions point toward a suffi- 
cient supply of this element for the present especially if clover is grown once 
in a four year rotation and residues and manure are returned to the soil. 


Phosphorus. The phosphorous content is not great. Analyses show 
an average of 1,456 pounds per acre in the surface layers compared to 
1,800 or 2,000 pounds which this type of soil should normally carry. Since 
phosphorus is an essential element in the formation of the seeds of plants 
and since the silt loam areas are devoted mainly to grain growing, it can be 
truthfully said, that from the standpoint of soil fertility, phosphorus is the 
first limiting element. 


Potassium is present in relative abundance in this soil, analyses of samples 
taken from this area showing an average of 45,920 pounds per acre in the 
surface layer. 


Soil Acidity and Liming. ‘The soils of this type, as the analyses show are 
either alkaline or neutral—conditions commonly known as “sweet.’? In 
some cases the surface soil contains traces of carbonates as small fragments 
of limestone while the subsoils are alkaline in reaction and usually carry 
carbonates. Crops such as the clovers and alfalfa produce excellent yields 
on this soil which indicate an abundance of lime. Results obtained from the 
use of lime have not been profitable. 


METHODS OF IMPROVING CLAY LOAM AND THE SILT LOAM SOILS 


Tilth. ‘Tillage operations are relatively difficult on clay loam and silt 
loam soils. The lack of drainage and fineness of texture limit to a certain 
extent successful cultivation. Early spring plowing when wet has probably 
been the greatest factor in increasing the already poor tilth. The pasturing 
of stock on wet land has also puddled large areas which now require excellent 
methods of management to bring them back to a proper condition of tilth. 
The rotation of crops and the turning down of organic matter of any nature 
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combined with the free use of the disc and fall plowing, wherever possible, 
are very important practices. Soils that are high in organic matter and 
are not deficient in lime are far less difficult to maintain in a well granulated 
condition or in good tilth, than are those that are deficient in these. 

Fertilization. The chemical composition of these types show an abundant 
supply of plant-food elements with the exception of phosphorus. Though the 
supply is abundant it should not be overlooked that the plentiful elements 
should in no way be wasted but maintained or increased. 

Nitrogen. Without doubt the cheapest means of maintaining the supply 
of nitrogen is by the production of leguminous plants. When such crops are 
turned back to the land or fed to stock and the residue and manure properly 
eared for and applied to the soil they may add a large amount of this 
element. 


Fig. 8.—Small grains produce well on the silt loam soils when well drained. ‘The farmsteads usually 
: atford evidence of fertile soils. 


Good rotations will include at least one legume every fourth year. The 
standard rotations for heavy soils are given in figures. When the price of 
seed is not too great, the sowing of clover with wheat and oats, the same to 
be turned under in the autumn is good practice. Such systems and the high 
nitrogen content of these soils make the use of commercial nitrogen un- 
necessary except in small amounts in some cases to assist in early growth. 


Phosphorus. The element phosphorus commonly spoken of as phosphoric 
acid, the supply of which is somewhat limited in these soils, is contained 
largely in the seed or grain of crops. Where grain farming is practiced, as 
it is on these types, we can logically draw the conclusion that large amounts 
of phosphorus are removed from the soil. It is true some of this valuable 
element is returned to the soil by means of crop residues and manure but the 
amount so returned on the average farm is small in comparison with that 
which is taken away by the crops.* Where barnyard manure is applied 


* For suggestions concerni the use of phosphates send for Popular Bulletin 284, Michigan 
Agricultural Experiment Station. 
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to the land it should be reinforced with acid phosphate or raw rock phosphate. 
It is a common practice to distribute the acid phosphate by means of the 
fertilizer attachment on the grain drill at the time of seeding. If it is applied 
to each of the grain crops in the rotation the application should range from’ 
100 to 200 pounds per acre. Where it is added to one of the small grains 
and the tilled crop in a four year rotation 200 to 300 pounds per acre should 
be distributed. Where raw rock phosphate is made use of as a carrier of 
phosphoric acid it may be applied just previous to or following the dis- 
tribution of the manure and turned under. An application of 1,500 pounds 
per acre should endure 6 years. 

Our fertilizer tests with sugar beets thus far show that phosphoric acid 
increases’ the yields more by far than other elements of plant-food. Thus 
if complete fertilizers are used they should carry a high per cent of phosphoric 
acid and a small amount of nitrogen and potash. The use of the latter 
should be looked upon primarily as stimulation of early growth and root 
development inasmuch as the soils are abundantly supplied with these 
elements. If acid phosphate is used alone, and in many cases this is the best 
fertilizer, 200 to 400 pounds should be broadcasted per acre. If the phosphate 
is applied in the row the quantities should be much less. ' 


Potassium. The element potassium or potash is largely contained in the 
stems of plants. Under the ordinary methods of farming a greater part 
of the stalk and straw is returned to the land and consequently the loss of 
potash is not great. The supply in the soil being abundant this problem is 
of minor importance for most crops. Yet the popularity of fertilizers high 
in potash for sugar beets suggest that this should be considered in the pro- 
duction of this crop. 


Good tillage practices, the growing of legumes in the rotation and turning 
back crop residues, through use of remforced manures and the judicious 
use of fertilizers means the successful management of these types of soil. 


Land Values. The soil comprising the clay loam and silt loam districts 
of this area compare favorably in fertility with the best in the United States 
and in productivity with the fertile lands of the corn belt of the west and 
south, yet the price of these fine textured or heavy lands is low when all 
conditions are considered. In some regions of the corn belt, land of no 
ereater fertility and not so favorably located is disposed of for much higher 
prices than the selling values of land in the Detroit area. 


SANDY SOILS 


Extent. The brown sandy soils are the most extensive on the area, cover- 
ing approximately 40 per cent of it. They are moreover, well distributed 
throughout the entire area. The central part of Wayne county and the 
southern half of Monroe county are practically all sand and comprise two of 
the largest sandy districts in the area. Seneca, Deerfield and Blissfield 
townships contain the greater part of the sand in Lenawee county. 

Topography and Variations in Type. The topography of the sands varies 
from gently undulating to slightly rolling. Occasionally relatively level 
districts of narrow expanse are encountered. Considerable variations in 
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texture occur. The ridges are usually composed of light sand. Typical 
medium sandy soil makes up the undulating land, which contains sufficient 
organic matter and fine soil particles to prevent blowing. In the draws and 
low situations the texture is somewhat finer ranging from heavy medium 
sand to typical sandy loams with very high contents of organic matter. 
Occasionally in the swails the surface soil has been washed away and the 
heavy clay subsoil is exposed. 


DESCRIPTION z = 


Light Sand. This soil is found on the ridges and is commonly spoken of 
as blow sand. It is rather limited in extent and for the most part is covered 
with vegetation which holds the sand in place. The surface 10 inches varies 
from a yellow to yellowish brown medium sand, containing only a very small 
amount of fine material. The organic matter content is exceedingly low. 
The subsoil has the same texture as the surface soil, is only slightly lighter 
in color and varies in depth from 3 to 30 feet. This sand rests upon the 
impervious clay subsoil so typical of the lake bed area. 


Fig. 9.—The light sand soils are not very productive; especially is this true where the water level lies 
too near the surface. Drainage and fertilization are needed. 


Typical Sand. ‘This soil is quite extensive and furnishes the best agricul- 
tural land in the sandy districts. The surface soil to a depth of ten inches 
is a medium sand ranging in color from a dark yellow to light brown. It 
contains a high per cent of fine material for a medium sandy soil, yet the 
organic matter content is high enough to furnish typical sandy structure. 
The subsoil is composed of sand somewhat lighter in color than the surface 
and contains more fine soil particles. It varies in depth from only a few 
inches to about 12 feet and is underlaid by impervious clay subsoil. In some 
places the clay lies within 18 inches of the surface and in such cases it impedes 
drainage. 
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Heavy Sand. This soil is not extensive being found in the lowlands and 
swails. The surface is usually a sand or a light phase of sandy loam, con- 
taining a high content of organic matter. The subsoil usually consists of a 
few inches of sand resting on the tight subsoil. 


Drainage. Where the clay subsoil is within two feet of the surface the 
drainage problem is just as complex as in the heavy land. On the ridges 
and where the clay subsoil is below 24 inches drainage is not a difficult problem. 
Outlets and natural drainage are well established but field drains are not 
common. The greater part of the field drains are open surface ditches. 
The cost of installing tile drains is practically as great as in the heavier 
lands and the returns from such land are usually smaller, as a result the 
constructing of permanent drains has not been extensive. While surface 
drains carry away considerable water during the wet season they afford 
rather inefficient means of drainage. Field results show that tile drains are 
the most effective when properly installed and where the clay is near the 
surface, laterals should be placed from 4 to 6 rods apart for best results. 


Fig. 10.—Plowing heavy land when wet resultsin poor tilth. Careful attention to the water content 
of these soils when plowed or trampled by livestock is essential to their most successful management. 
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Soil Acidity. The light type of sand comprising the ridges is deficient 
in lime and where applications of it have been made excellent results have 
been obtained especially from leguminous crops. 

The typical type of sand for the most part contains more lime than the above 
—this being especially true where the tight subsoil lies near the surface. 
Where 8 to 10 feet of sand overlies the clay the surface soils usually show a 
slight acid reaction. 

The heavy type of sand is usually alkaline or neutral in reaction and the 
need of lime is not general. 

Nitrogen. The nitrogen content of the light type of sand is quite low. 
In most instances it is less than 1,400 pounds per acre in the surface layer. 
The typical type of sandy soil carries somewhat more of this element of plant- 
food, the average being about 1,835 pounds, whereas the heavy type of sand 
which lies in the depressions and swails contains larger quantities, the amount 
present being quite variable. 

Phosphorus. The phosphorus situation is rather critical. The chemical 
analyses reveal that all these.are deficient in this element and the average 
was found to be 1,091 pounds per acre of the surface soil. 


Potassium. The total potassium content of these soils is good. In fact 
it compares favorably with the finer textured or heavier soils of the area. 
Where the vegetable matter is low and stable manure is not available in ade- 
quate amounts the use of commercial potash should be profitable. 


Cropping Systems. The vegetable matter content of these soils should 
be increased. The most successfully managed are those upon which three 
year rotations, including a leguminous crop, are practiced, the crop residues 
and stable manure being properly cared for and returned to the land. A 
tilled crop and a small grain crop are grown in the rotation. In some cases 
the rotation is extended one year by growing a mixed meadow. Such practices 
supply the major portion of the nitrogen that is required in crop production 
and thus cut down the expenditure for fertilizers. Where drainage is adequate 
alfalfa may be grown successfully provided the soils are limed and properly 
fertilized. 

The Lime Situation. The practice of liming should be more general. 
It is needed for the successful production of clovers and alfalfa and increases 
the yields of small grains except on some of the fields that are composed of 
heavy or low lying sand. The lime requirement of these lands ranges from 
about 1,500 pounds to two tons per acre of finely ground limestone. Where 
alfalfa is to be grown on the deep sands not less than two tons should be 
applied. If the clay lies near the surface, smaller applications of lime may 
suffice, inasmuch as the alfalfa roots reach the elay which is high in lime. 
(For further information on liming soils send for Bulletin No. 91 of the 
Michigan Agricultural Experiment Station.) 

Nitrogen. ‘There is a general need for nitrogen on the sandy lands except 
those that run high in vegetable matter. Where unmixed fertilizers are 
purchased nitrogen should be used as nitrate of soda on all crops in the 
rotation except the legumes. Where rye or wheat is grown early spring top 
dressings consisting of fifty or more pounds per acre should be made with 
profit, unless ample amounts of manure are applied in the rotation. If clover 
is grown every third year it is probable that the size of the application of the 
nitrate should be reduced. If the rotation is lengthened to four years the 
timothy should also receive a top dressing. 
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Phosphates should be added regularly and where the unmixed goods are 
made use of about two hundred pounds of 16 per cent acid phosphate or an 
equivalent amount of phosphorus in double superphosphate should be applied 
to the grain crops in a three year rotation. If a four year rotation is practiced 
an additional application should be made. 

Potash should be applied to the soil just before being devoted to those 
crops that respond most vigorously to it. Our fertility tests in southern 
Michigan show that clover is responsive to applications of potash. When 
grown on infertile sandy soils, potatoes and corn are usually considered to 
be favorably affected by the addition of it. When the prices are not ex- 
horbitant from 50 to 100 pounds may be applied per acre unless an abundance 
of manure is used or-the soil is well supplied with actively decaying vegetable 
matter. 

It is advisable to use high grade goods if mixed fertilizers are applied. 
Mixtures for these soils should carry 2 to 4 per cent of nitrogen, 10 to 12 per 
cent phosphoric acid and about 2 to 4 per cent of potash. These should be 
applied at the rate of 200 or more pounds per acre. 

Land Values. While these soils are for the most part poor the selling 
price per acre is not far below that of the heavier and more productive ones. 
This type of soil has been made use of to a large extent by speculators who have 
charged excessive prices per acre, which accounts for the high valuation. 


SANDY LOAM 


Extent of Type. This type covers approximately 15 per cent of the area. 
It occurs as delta formations where the larger streams flowed into the old 
lake, in the extreme northern part of the district on the lake bed and along 
the upland. The most prominent deposits of the former are where the Huron, 
Raisen, Saline and Rouge rivers enter the area. 

Topography and Variations in Type. The topography for the most part 
is gently undulating to rolling. The old delta formations are usually gently 
undulating with a gradual slope toward the lower land. This type in the 
old lake bed proper is undulating to rolling. 

Throughout the occurrence of the sandy loam as mapped, there are a 
number of variations from the predominating type. The delta formations 
are typical in texture, with the exception of coarse particles or small stones 
which have been thoroughly mixed with the soil. This type in the old lake 
bed proper is quite variable. Small areas of both lowlands and uplands are 
sand. Ridges, small in extent, which are common throughout this district 
are also of the sandy class. Some heavy soils exist in the very low situations 
but the deposits are too small to be considered in a general map. 


SANDY LOAM ON DELTA FORMATIONS 


Description. The surface soil ranges from 4 to 12 inches in depth and is a 
typical sandy loam, light brown to dark grayish in color and is loose, friable 
and well drained. It contains a large number of small stones near the up- 
land, the number gradually diminishing as the lower lands are approached. 
The type grades into a heavy phase near the low lands, however, the extent of 
this heavy phase if very small. 


EXPERIMENT STATION BULLETINS. 503. 


The subsoil is quite variable in texture, but for the most part it contains 
sufficient amounts of the different soil separates to be loamy in nature. The 
heavy subsoil so characteristic of this region is so far removed from the 
surface that it does not effect the surface layers. In general the subsoil of 
this formation can be classified as one ideal for an agricultural region. 


Composition. This type affords a very productive soil, however, little 
general farming is carried on here, the principal occupation being truck 
farming. The organic matter and nitrogen content are high, nevertheless 
large amounts of nitrogenous fertilizers are used. Phosphorus is the most 
deficient of any of the elements, analyses showing less than 800 pounds per 
acre in the surface layers. ‘The potassium supply is quite high as is true of 
practically all of the lake bed soils. This type is fairly well supplied with 
lime and does not require its application for satisfactory results. 

Fertilization. In as much as truck farming predominates on these soils, 
their fertilizaticn involves heavy cash crops. Where stable manure is used 
freely the need for both nitrogen and potash is not so great as it is where such 
is not the case. The liberal use of acid phosphate together with the manure 
and small amounts of immediately available nitrogen for early cash crops 
should take care of the fertilization of these soils. Vegetable growers in 
some sections are using less manure and larger quantities of mixed fertilizers 
and growing catch crops for green manuring purposes. 


Fig. 13.—Truck crops do well on the sandy lands that were deposited by streams as their deltas. 
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Description. 'The surface soil to depths of 8 to 12 inches is a black sandy 
loam containing a high content of organic matter. The fine sand content 
is quite high making the type a light phase. 

The subsoil, immediately under the surface, is composed of fine sand, 
grayish in color, to the depth of about 24 inches where it gradually grades 
into a heavier phase, containing a high content of silt and clay. The heavy 
clay subsoil varies from 4 to 8 feet in depth from the surface. 


Drainage. The natural drainage of the delta formations is ideal requiring 
practically no artificial drains but the natural drainage on the lake bed 
formation is very poor, the tight subsoil coming near enough to the surface 
to hold the water. Tile drains are not extensively used because of the poor 
outlets. A greater part of this land is laid out in lots as suburbs of Detroit 
and agriculture is not practiced to any great extent. 


Composition. From the standpoint of soil fertility this soil is practically 
the same as the type in the delta formation, with the exception of a slightly 
lower phosphorus content. While this is usually classed as a poorer soil 
than the delta formation the difference is due principally to the lack of 
drainage rather than to the composition. Lime is not needed on these soils. 


Fertilization. The management from the fertility standpoint is rather 
difficult.. The phosphorus content must be built up for best results and the 
organic matter content maintained. By means of manures, which can be 
obtained from near by cities, and by the liberal use of high phosphate bearing 
fertilizers this land can be kept in a high state of fertility which is necessary 
for successful truck gardening. 


FINE SANDY LOAM 


This type is very small in extent covering only about 3 per cent of the area. 
Most of the city of Detroit is located on it, and from the standpoint of agri- 
culture it is relatively unimportant. 

The topography is level to undulating and wide variations of type follow 
the different topographic changes. The low lands classify as a heavy phase 
of sandy loam while the ridges vary in texture from blow sand to clay. 

The surface soil to the depth of 8 inches is a black sandy loam quite high in 
organic matter and containing a high content of fine and very fine sand. 
From 8 to 36 inches, the subsoil is a yellow fine sand, beneath which the more 
impervious layer of clay is encountered. 

Drainage on this type for the most part is quite poor. Where there is land 
available for agricultural purposes it is generally so poorly drained that pasture 
or hay crops are all that are being grown. Outlets are established but the 
land is plotted to building lots and little is being done in an agricultural 
way. 

This soil is only medium in fertility. It is quite well supplied with organic 
matter, nitrogen and potassium but phosphorus and lime are needed. 
Analyses show the surface layer to contain as an average 916 pounds of 
phosphorus and to be acid in reaction. For the city garden complete fertil- 
izers carrying from 3 to 4 per cent of nitrogen, 8 to 12 per cent of phosphoric 
acid and 2 to 3 per cent of potash should be used at the rates of 300 to 1,000 
pounds per acre. They should be worked into the soil just previous to seed- 
ing or planting, to a depth of about three inches. 
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Another sandy loam quite small in extent covering less than 1 per cent of 
the area. It comprises a terrace formation or second bottom land and is 
located in Ypsilanti township in Washtenaw county and Van Buren township 
in Wayne county, extending along the flood plains of the Huron river. 

The topography is level to undulating which is characteristic of such 
formations. The texture is quite uniform, practically no soil type changes 
are encountered. 

The surface soil ranges in depth from 7 to 10 inches and is a light brown 
typical sandy loam. In some localities gravel stones are quite common in 
the surface layers, however, their presence does not result unfavorably. 

The subsoil to the depth of 28 inches is a yellow to gray sandy silt containing 
a few gravel stones. Below 28 inches the subsoil grades into a loose sandy 
gravel grayish in color.. A more ideal subsoil could not be obtained. The 
sandy silt layer nearest the surface is sufficiently deep and impervious to 
prevent rapid percolation of water yet porous enough to furnish good drainage. 


Soil Composition. This sandy loam although very small in extent is 
productive. The organic matter, nitrogen, potassium and lime contents 
according to analyses and as indicated by the growth of crops are good. 
The element phosphorus is deficient, analysis showing an average of 842 
pounds in the surface layers. 

While the amounts of fertilizing elements in this soil are somewhat lower 
than the heavy land in this area, crop yields are practically the same and the 
quality of grain excellent. This can be accounted for by the excellent natural 
drainage and by good soil management. ‘This district is largely devoted to 
systematic dairy farming and a large amount of manure which is well taken 
care of is returned to the land. Phosphoric acid either as the acid phosphate 


Fig. 14.—The flood plains are used largely as pasture land. 
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or the raw rock should be used freely on these farms. If the former is made 
use of 200 pounds or more should be applied per acre twice in a four year 
rotation, whereas if the latter is used about 1,500 pounds should endure 
Six years. 


RIVDR FLOOD PLAINS 


While no areas have been mapped as flood plains they really are of im- 
portance even though they are small in extent. These soils are located 
along the rivers and their tributaries, and are known as the bottom lands. 
Such soils afford probably the most fertile lands in the area due to their 
overflowing each year and soil material being deposited. This overflowing 
is the controlling factor from the agricultural standpoint. Most of the land 
is left to pasture, however, some is put under cultivation and late spring 
crops seeded. The latter is not highly advisable, however, because of the 
havoe wrought to crops, occasionally in early summer. It seems more 
advisable to allow the land to stay in pasture and feed live stock as an occupa- 
tion. It is along the larger streams that dairy farming is quite prominent, 
large herds being grazed on the flood plain soils while the uplands are used 
to grow the winter feed. 


COMPOSITION OF SOILS OF THE DETROIT AREA 


Pounds in 2,000,000 pounds of soil. 


Soil. 
Nitrogen. | Phosphorus. | Potassium. | Calcium. | Sulphur. | Magnesium. 

——— 
Clay loam. io Meee 6,108 1,690 49,660 19,600 | 16,027 | 9,720 
Dl LORMN ese ay: cjeve.sslelecs 5,638 1,456 45,920 19,960 1,286 10,370 
Browmsand 233905 .5% 1,835 1,091 22,000 10,360 654 3,500 
Sandy loam ccs ec. 3,110 711 26,000 15,160 1531027 4,260 
Fine sandy loam...... 3,250 916 34,500 10,980 824 4,860 
Sandy loam on gravelly 

MUDSOMS oe acleisr scare 2's 2,844 842 28,400 10,740 620.7 4,500 
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SUMMARY 


The Detroit Area is situated in the extreme southeast part of the State of 
Michigan covering approximately 1,543 square miles. It consists of a small 
part of the bed of the ancient lake Maumee. 

The first settlements were made by the French along the shore of Lake 
Erie and the Detroit river. Dense growths of timber had to be removed 
before agricultural operations could be started. Real agriculture dates back 
to approximately 1818. Development was gradual until in 1875 the greater 
part of the entire area was cleared. Transportation and good markets 
accounted for the rapid development. 

Detroit and Monroe are the two principal cities with smaller cities scattcred 
over the area. Excellent transportation facilities are offered to the larger 
cities both by railroad and highway. Water transportation to Cleveland, 
Buffalo and other eastern markets is easily obtained. 

Drainage throughout most of the area is poor. Outlets for the most part 
are well established but a lack of field drains is the greatest limiting factor 
to agriculture. 

The Climate is quite desirable. The winters are of medium length and not 
severe and the summers of sufficient length to furnish a good growing season. 
The normal rainfall is approximately 30 inches and the mean annual tem- 
perature 48° F. The average growing season is about 157 days. 

The principal crops grown are corn, oats, wheat, barley, hay and potatoes. 
Diversified farming is carried on to a large extent, while grain and livestock 
farming and dairying are the two leading interests. Near the cities truck 
farming is very important. 

Livestock. The raising and fattening of hogs and the fattening of cattle 
and lambs along with dairying are the greatest livestock interests. 


The average sized farm is approximately 80 acres. On the heavy lands 
75 per cent of the owners operate their farms while on the light soils approxi- 
mately 90 per cent operate their own farms. 


The soil types mapped are clay loam, silt loam, fine sandy loam, brown 
sand, sandy loam and sandy loam on gravelly subsoil. 


The clay loam which comprises about 10 per cent of the area, lies chiefly 
in the southern part. Although its natural drainage is poor this soil is very 
productive when drained and carefully managed. The vegetable matter 
and nitrogen contents are unusually high, the phosphorus runs above 1,600 
pounds and the potassium supply ranges from 47,290 to 49,660 pounds per 
acre of surface soil. Lime is present in suitable amounts. The chief con- 
siderations in the successful management of the clay loam soil are drainage, 
attention to the water content when tilled or plowed or trampled by live stock 
in order to avoid puddling, a systematic rotation of crops and the use of 
phosphates. If acid phosphate is applied to each of the grain crops in the 
rotation the amounts should run from 100 to 200 pounds per acre. If it is 
added to one of the small grain crops and the tilled crop in a four year rotation 
200 to 400 pounds should be distributed. Where raw rock is utilized as a 
carrier of phosphorus it should be scattered just previous to or following the 
distribution of manure and turned under. 
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The brown sands comprise the largest acreage and are the most widely 
distributed of the soils, covering approximately 40 per cent of the area. 
There are three divisions that are easily recognized, namely, light sand, 
typical medium sand and heavy sand. The boundaries of these are not given 
because their location involves much time and detailed work. 


The light sand is commonly spoken of as blow sand. It is deficient in and 
responds to lime, is low in vegetable matter, nitrogen and phosphorus. Potas- 
sium is present in goodly quantities, yet the amount rendered available to 
crops is not sufficient for satisfactory crop yields. 


The typical medium sand is not so deficient in lime as the light sand, has 
an average nitrogen content of 1835 pounds per acre of surface soil, carries 
about the same amount of phosphorus and potassium as the light soils. 


The heavy type of brown sand as a rule is alkaline or sweet in reaction 
and the need for lime is not general. The vegetable matter and nitrogen are 
present in ample quantities, the phosphorus is medium in amount for light 
soils while the potassium compares favorably with the heavy soils of the area. 


The improvement of the less productive brown sands is rather expensive 
and involves several things. Short rotations or those in which leguminous 
crops are produced frequently are desirable. Where needed lime should 
be applied, the lime requirement of the sour sands ranges from 1,500 to 4,000 
pounds of finely ground limestone per acre. 

Where unmixed fertilizers are made use of nitrate of soda could be applied 
to advantage to all except the leguminous crops, except where manure is 
added in suitable amounts and where the soils are high in vegetable matter. 
Phosphates should be added regularly, 200 pounds of 16 per cent acid 
phosphate or an equivalent amount of phosphorus in double superphosphate 
should be added to each of the grain crops in a three year rotation and if 
this is extended to four years an additional application should be made. 
When prices of potash are not exhorbitant, that is in comparison with the 
crops raised, 50 to. 100 pounds should be applied to the soils low in vege- 
table matter and where stable manure is not available. 

If mixed fertilizers are utilized they should carry from 2 to 4 per cent of 
nitrogen, 10 to 12 per cent of phosphoric acid and 2 to 4 per cent of potash. 
As a rule 200 or more pounds should be applied per acre. 

Land speculators are operating constantly in the poorer sandy land districts. 
As a result their selling prices are not far below those of the heavy lands, 
which is unfortunate. 

The sandy loam soils that were laid down as river deltas are very productive. 
They are high in native fertility with the exception of phosphorus, usually 
carrying less than 800 pounds per acre of it in the surface soil. In texture 
these are ideal soils for truck gardening, to which they are largely devoted. 
Their successful fertilization involves liberal applications of stable manure, 
catch crops for green manuring and commercial fertilizers. In some instances 
the size of application of manure could be decreased and the commercial 
fertilizers increased to advantage. 

The sandy loams on the lake bed proper, are somewhat less productive 
than the above, due chiefly to improper drainage, rather than to less native 
fertility. Owing to similarity in texture and composition the fertilization 
of these should be similar to the sandy loam on the delta formations. The 
results from fertilizers are disappointing until drainage is adequate. 

The fine sandy loam occupies about 3 per cent of the area and owing to the 
fact that the greater part of the city of Detroit is located on it, agriculture 
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is relatively unimportant. These soils are usually poorly drained and only 
medium in fertility. For city gardening commercial fertilizer composed of 
3 to 4 per cent of nitrogen, 8 to 12 per cent of phosphoric acid and 2 to 3 per 
cent of potash should be applied in amounts ranging from 300 to 1,000 pounds 
per acre. These should be incorporated in the soil to a depth of about three 
inches just previous to seeding or planting. 

The sandy loam on gravelly subsoil although small in extent is very im- 
portant agriculturally, being devoted chiefly to dairy farming. Aside from 
phosphorus these soils are well supplied with elements of plant-food. The 
use of phosphorus in conjunction with the manure produced. on these farms 
is the chief consideration in their fertilization. At least 200 pounds of acid 
phosphate should be applied twice in a four year rotation and if raw rock 
is utilized as a carrier of phosphorus 1,500 pounds should be applied per acre 
and endure about 6 years. 

The river flood plains are exceptionally fertile but owing to the overflow- 
ing of the streams they are devoted chiefly to grazing. 

The silt loam is the second largest in extent covering 30 per cent of this 
area. Its occurrence is not confined to any one locality but well distributed. 
Its natural drainage is poor yet when this condition is attended to this is a 
very productive soil. It compares favorably with the clay loam in native 
fertility, containing about the same amount of vegetable matter and nitrogen, 
somewhat less phoshporus, more potassium and carries enough lime to be 
alkaline or sweet in reaction. The principles set forth in the discussion of 
the management of the clay loam soils in general apply to the silt loams 
of this area. 

During the last regular session of the legislature the bill (Act 12, P. A. 
1921) creating the Department of Agriculture was passed. By a provision 
of this bill the inspection of commercial fertilizers will, on and after July Ist, 
1921, be conducted under the direction of the Department of Agriculture. 
All communications in regard to licensing or inspection and analysis of com- 
mercial fertilizers should, after the above mentioned date, be directed to 
the Commissioner of Agriculture, Lansing, Michigan, 
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FERTILIZER ANALYSES 


Regular Bulletin No. 291 


BY ANDREW J. PATTEN, O. B. WINTER, M. L. GRETTENBERGER AND P. O’MEARA— 
CHEMICAL SECTION 


This bulletin contains the results of the inspection of commercial fer- 
tilizers for the year 1920 and the spring season of 1921. The analyses and 
discussion of the results are given separately for the two years. 


The fertilizer inspection has been conducted by the Experiment Station 
since 1885 when the first law, regulating the sale and distribution of com- 
mercial fertilizers in Michigan, was passed. The first inspection bulletin 
was published in 1886 by the late Dr. R. C. Kedzie. That bulletin contained 
the analyses of only 15 samples. Since then an inspection bulletin has 
been published annually with the exception of two years, making a total 
of 34 bulletins including the current issue. The number of samples analyzed 
during the year has increased to over 1000. 


During the time that the fertilizer inspection has been conducted by the 
Experiment Station only one case has been prosecuted and that was against 
a local dealer who sold a carload of ground limestone representing it to be 
a mixture of rock phosphate and ground limestone. The details of this 
case are given in Bulletin No. 288. It has been our experience that the 
publicity given the results through the distribution of the annual fertilizer 
bulletin is a far greater and more potent force in the prevention of fraud 
than any amount of fines that might be imposed by the courts. 


In 1914 we first published results showing the quality of the nitrogen 
used in mixed fertilizers. This has been continued since that time and, 
as a result, there has been a gradual and steady improvement in the quality 
of the nitrogen. One may now be reasonably sure of getting nitrogen of 
good quality in practically all of the higher grade fertilizers. This is not 
so true of the low grade mixtures, which fact constitutes one of the chief 
arguments against buying such fertilizers. In this connection it is gratify- 
ing to note that the National Fertilizer Association, at their recent meeting, 
unanimously went on record as favoring high analysis fertilizers. 


The actual consumption of commercial fertilizers during the earlier years 
is not known, but was, of course, very small. During the year 1906, when 
the first attempt was made to determine the fertilizer consumption it was 
estimated at 20,000 tons. This has steadily increased until last year, 1920, 
when, based upon reports received from the manufacturers, it reached the 
high point of 112,616 tons. The distribution of this amount throughout 
the State is shown in the following table: 

65 
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REPORTED FERTILIZER SALES, BY COUNTIES, FOR SEASON 1920. 
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County. Spring. Fall. Total. 
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REPORTED FERTILIZER SALES, BY COUNTIES, FOR SEASON 1920—Continued. 
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LICENSED BRANDS. 


During the year, 1920, 37 manufacturers and fertilizer companies licensed 
426 brands for sale in Michigan. One new company, The Southern Fer- 
tilizer and Chemical Company, registered 20 brands during the fall season. 
Of this number, however, 12 were not shipped into the State.- The U. S. 
Gypsum Company, Chicago, Ill., and the R. H. Hoover Laboratories, Inc., 
Freeport, Ill., licensed ‘‘Ben Franklin Agricultural Gypsum’’ and ‘‘Plant- 
life’’ respectively, after the regular fertilizer season had closed. No samples 
of either brands have been found on the markets and they are not included 
in the tables of analyses. 

Attention is called to the fact that the fertilizer law covers only those 
materials which are sold, offered or exposed for sale within the State, the 
retail price of which is $10.00 or more per ton. Manufacturers residing 
outside the State may ship direct to the consumer without paying the license 
fee but the party making the purchase receives no protection under the law. 
If the sale of fertilizer to be shipped direct to the consumer is made by an 
agent or representative of the manufacturer while in the State, the act is 
considered as one of actually offering the material itself for sale, and the 
fertilizer then becomes subject to the requirements of the law just as surely 
as though the fertilizer were actually brought into the State and then sold. 
Consequently, an agent of a fertilizer company is technically violating the 
law when he solicits or accepts orders for any unlicensed fertilizer, while in 
the State. . 


COLLECTION OF SAMPLES. 


The collection of samples was made during the spring and fall shipping 
seasons by inspectors appointed by the State Board of Agriculture. 

All sections of the State in which fertilizers are used to any extent were 
visited, and 907 samples were secured from stocks being offered for sale 
by dealers. For this purpose a specially constructed tube is used, which 
permits of securing a core from the entire length of the bag. An official 
sample consists of the cores taken from not less than ten separate sacks of 
the same brand. The ten or more separate cores are mixed together, placed 
in a stout sack, tied, sealed and forwarded to the laboratory for analysis. 

During the year 71 registered brands were not shipped into the State. 
It was formerly the custom, whenever we failed to find a brand on the mar- 
ket, to analyze the sample forwarded by the manufacturer, as required by 
law, at the time of applying for the license. It has long been known that 
these samples were generally, if not always, made up in the laboratories 
of the companies and were not, therefore, representative of the product as 
put on the market. For this and other reasons we have discontinued this 
practice and in this bulletin the brands not represented by samples are listed 
in their proper places but are not given a laboratory number and only the 
guaranteed analysis is shown. 

In many cases several samples of the same brand were drawn and ana- 
lyzed. This, of course, greatly increases the work in the laboratory but it 
is the only way by which we can ascertain if the brands are running uni- 
form. If only one sample were analyzed, or if several samples were taken 
and composited before being analyzed, variations in the composition would 
not be detected. 
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RESULTS OF INSPECTION. 


Of the 907 samples analyzed representing 355 brands, 255 (27.1%) were 
found to be below guarantee* in one or more ingredient. Sixty-four (7.1%) 
were below guarantee in nitrogen, 2 (0.2%) were below guarantee in total 
phosphoric acid, 75 (8.3%) were below guarantee in available phosphorie 
acid and 150 (16.5%) in potash. This is a slight increase in the number 
of deficiencies, compared with 1919 and a considerable increase when com- 
pared to the results obtained for several years prior to 1919. This increase 
in the number of samples found below guarantee is undoubtedly due, in 
part at least, to the fact that during the war the fertilizer market was badly 
upset, and has not yet returned to normal. However, this does not absolve 
the manufacturer who consistently, year after year, has about the same 
number of samples falling below guarantee. 

There is no provision in the fertilizer law for the payment of rebates on 
fertilizer shipments found to be below guarantee, but the manufacturer 
demonstrates his good will when he voluntarily takes care of such cases 
as they are called to his attention. In many cases a fertilizer is found to 
be below guarantee in one ingredient and to overrun the guarantee in some 
other ingredient sufficiently so that the actual value is not really lowered. 
This condition indicates imperfect mixing, or a lack of proper factory con- 
trol, and while the purchaser is not defrauded from a financial standpoint 
he still does not get what he contracted for and what he has a right to ex- 

ect. 

In the following table a summary of the results of the inspection is given 
This shows at a glance, the number of brands licensed by each company, 
the number of samples analyzed and the number falling below guarantee in 
one or more ingredient. In the last column is given the number of samples 
whose value has been found to be $1.00 or more per ton less than that guar- 
anteed. A careful study of this table as well as the detailed results of anal- 
ysis which follow should be made by all persons who intend to purchase 
fertilizers for the coming season. 


*A shortage of more than 0.10 per cent. of nitrogen or more than 0.20 per cent. available phos- 
phoric acid or more than 0.10 per cent. potash is considered below guarantee. 
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No. below 
No. of No. of guarantee | No. below 
Manufacturer. brands samples in one value 
licensed. analyzed. or more guaranteed. 
ingredient. 
He EE TS ay 

American Agricultural Chemical Co............. 101 186 7 1 
Armour Hertilizer WOLkS) See eeemee iae cae oe 29 a 19 pi 
hoe Barrett, Company... oe oe os 1 3 0 0 
Revoinder|Companyes cee renee oes eee 1 1 0 0 
INS BS UTIES OF) seo cedars tocol CE CIE iol ay Sv Gases. ee 1 2 0 0 
iH Sburton HertilizersWiOLkseeeee ei ee see. oe 1 1 i 1 
Calumet Fertilizer Company................... 22 50 19 3 
Chicago Feed & Fertilizer Company............ 1 0 0 0 
Columbia, Guano! Companyeyae sc. scs sss ouaue 17 18 4 2 
Warhing ci Company ieee. © une cca 12 44 6 0 
Hederal/Chemicar|Compatlyme nei) git sa cake os 28 66 21 11 
Hertile @hemicaliConmpanvyeeents. 15... . ska 2 0° 0 0 
Gleaner Clearing House Association............. 9 13 5 0 
International Agricultural Corporation. ......... 29 64 20 4 
Jarecki (Chemical Companynac.. 4. ss ontnene 10 27 14 5 
Natural Guano Company...:...............+.- 1 0 0 0 
INitrateltAgenciesi@ompamyi. cus... cc..- sb eeee: 1 0 0 0 
Pacific Manure & Fertilizer Company........... 1 2 2 2 
Parke; DavisigsCOmipanyiecs oss... alae one 1 0 0 0 
Packers Fertilizer Company... ......3.55.50c20n: 9 19 9 3 
Pulverized Manure Company................+; 4 5 0 0 
Queen City Fertilizer Company................ 1 0 0 0 
Rasin Monumental Company.................. 15 i 0 0 
Readsehosphate Company. .........24)/.40nee 1 1 1 0 
F. S. Royster Guano Company................. 20 78 28 11 
Smith Acricultural)@ompany,........2.s...200) 10 24 9 2 
Sodus HumusiCompanye.see<.0... sues see 1 1 1 1 
Southern Fertilizer & Chemical Company....... 20 26 13 6 
J. L. & H. Stadler Rend. & Fert. Company...... 11 22 5 1 
FE SOLE WATE SOUS eR ane oe ee sje oc cist ta eee 1 1 1 0 
Swift; &iCompaniyerieee wie hiace ks 2 ee eho 26 73 28 13 
Tennessee Coal Iron & Railraod Company....... 1 0 0 0 
Virginia-Carolina Chemical Company........... 18 42 3 1 
The Welch Chemical Company................. 13 50 24 9 
LUA CAN Dare ae, 6S Sk a a ee Oe 1 2 0 0 
Wuichet Fertilizer Company................... 5 22 15 3 
Witherbee, Sherman & Company............... 1 0 0 0 
426 907 255 89 
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EXPLANATION OF TABLES. 


The results of analysis shown in the following tables are arranged by man- 
ufacturers, in alphabetical order. Those found below guarantee are printed 
in bold face type. 

Nitrogen—It will be noted that the results under this heading are divided 
into four columns. The column headed ‘‘As Soluble’’ shows. the amount 
of nitrogen that is soluble in water. This would include all nitrogen present 
as nitrate of soda, sulfate of ammonia, cyanimid, etc. This portion of the 
nitrogen is considered to be immediately available. 

The second and third columns together represent the nitrogen that is 
insoluble in water. This insoluble nitrogen is separated into ‘‘active’’ and 
‘Snactive’’ nitrogen depending upon its reaction with an alkaline solution of 
potassium permanganate. When the amount shown ‘“‘as active insoluble 
organic’’ is greater than that shown ‘‘as inactive insoluble organic’’ the 
whole insoluble nitrogen is considered to be of good quality. In other words, 
it has been derived from some high grade material possessing a high rate 
of availability. or the material used has been treated in such manner as to 
render it largely available. If, on the other hand, the amount of nitrogen 
shown in the ‘‘inactive’’ column is greater than that shown in the ‘ ‘active’’ 
column then the znsoluble nitrogen is considered to be low grade with a low 
rate of availability. When the insoluble nitrogen constitutes a small per- 
centage of the total, its rate of availability would, of course, be of small 
consequence. But, where the ‘ ‘insoluble nitrogen’’ constitutes a considerable 
portion of the total, as is very often the case, then its rate of availability 
is an important factor. 

Since nitrogen is, by far, the most expensive plant food ingredient in fer- 
tilizers, more attention should be given to the results printed in the follow- 
ing pages under this heading and when purchasing nitrogenous fertilizers 
preference should be given those companies that show the insoluble nitrogen 
nitrogen in their mixtures to be derived from high grade materials. 

The fourth column shows, the total amount of nitrogen in the sample. 
It is equal to the sum of the first three columns. 

Phosphoric Acid—Three divisions are included under this heading, desig- 
nated as ‘‘total’’, ‘‘insoluble’’ and ‘‘available.’’ The ‘‘total’’ phosphoric 
acid includes all of this ingredient inthe sample. The ‘‘insoluble’’ phosphoric 
acid respresents that portion that is unavailable and the ‘‘available’’ phos- 
phoric acid, is, as the name implies, readily available. The available phos- 
phoric acid represents the difference between the total and insoluble phos- 
phoric acid. 

Potash—The results shown under this heading are those soluble in water 
as required by the law. Water soluble potash is, of course, readily available. 
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RESULTS OF INSPECTION, SPRING SEASON 1921 


On July Ist, 1921, when the administration of the fertilizer law was trans- 
ferred to the Department of Agriculture, 43 manufacturers and distributors 
had licensed 405 brands of fertilizer for sale in Michigan during the period 
ending April 30th, 1922. Nine new companies with 37 brands are included 
in the list. One of these, the Groves Fertilizer Company, Cincinnati, O., 
will make no shipments until the fall season. 


During the spring shipping season the inspectors collected 609 samples 
which are classified as follows: 


Complete fertilizers. ¢ 5:72. 5 390k ae ew ee ee 319 
Alkaline sphospliates: 75... : diese ce. sae se eee 115 
Ammoniated ‘phosphates: =. 24.:ae sen. meee 53 
Acidsphosphates \.03:.7 30. 2S Someta ke eee enor 84 
Bone eal jis 22325 2a el bah coin ee eee tree eee 11 
Pulyerizéd manures fo. ie a a eee 12 
Ammonium swliste<.:¢ oS ae eee eee 4 
INitratevol soda... tress ante eee cate eer ree 2 
Muniateof pottish. 2280. cosanateo shar aerials 4 
Gantt ey oltre eee ne eae Oe oe ae 1 
SPECIAL tes it creates va Seta to Be Meee See to a 4 
609 i 


Alkaline phosphates are not so-called because they have an alkaline re- 
action nor because they will produce an alkaline reaction in the soil for they 
are, in fact, acid in reaction. This term has been used by the trade to dis- 
tinguish this particular type of fertilizer which is a mixture of acid phosphate 
and some potash bearing material. Ammoniated phosphate is a term used 
to designate mixtures containing only nitrogen and phosphoric acid. They 
are usually prepared by acidulating some organic ammoniate such as leather 
waste, hair or wool waste and rock phosphate. The process is essentially 
the same as that followed in the production of acid phosphate. Ammoniated 
phosphate may also be prepared by dry mixing some available nitrogen 
bearing material with acid phosphate. 


Kighty-nine of the licensed brands were not found on the markets and 
the manufacturers report that no shipments were made of 58 of these during 
the spring. Most of these should be found during the fall season. These 
missing brands are included in the tables which follow but the guaranteed 
analysis only is given. 
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DISCUSSION OF RESULTS. 


Of the’609 samples analyzed, 158 (25.9%) were found to be below guaran- 
tee in one or more ingredients. Thirty-nine (6.49%) were below in nitrogen, 
2 (0.3%) in total phosphoric acid, 45 (7.4%) in available phosphoric acid 
and 100 (16.4%) in potash. As in the case of last year, the greatest num- 
ber of deficiencies were due to potash. There is some evidence to indicate 
that these deficiencies have been due to inefficient factory help but there is 
also much evidence to indicate, in some cases, a very lax system of factory 
control. 


The results of the inspection pretty accurately reflect the carefulness of 
the manufacturer in preparing his products for the market and every user 
of commercial fertilizer should carefully study the fertilizer bulletin, in 
order to determine what companies are consistently fulfilling their obliga- 
tions. While the results of a single season may not be a fair criterion, as 
something beyond the immediate control of the officers of a company may 
happen to lower the standard of their product, the performance of a company 
over a period of years is an accurate index of its integrity and well meaning. 
The object of the inspection is to protect the user of commercial fertilizers 
against fraud and unless the real consumers make use of the results, by 
studying the bulletins, the inspection is not fulfilling its greatest usefulness. 
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ROSEN RYE 


Special Bulletin No. 105 


FRANK A. SPRAGG, FARM CROPS SECTION 


In 1909, the Michigan Agricultural Experiment Station received a sample 
of pedigreed rye from Russia, through Mr. J. A. Rosen, a Russian student 
who graduated from the Agricultural College in 1908. Since the Russian 
name of this rye was unknown it was named Rosen rye. Figure No. 1 shows 
the first piece of Rosen rye planted in Michigan, fall 1909. 


TESTING. 


This sample was tested by the Michigan Experiment Station. As this 
rye showed its superiority, it was only necessary to establish this fact in 
the mind of the experimenter before distribution. Most of the early dis- 


Figure No. 1. The plat shown in the center of the cut is the original or first planting of Rosen rye 
in Michigan. The seed received from Russia was planted by the side of the alfalfa nursery in 
the fall of 1909. The picture was taken in the spring of 1910. 


tributions were lost to pedigree by being planted along side of common 
varieties. 
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A bushel distributed in 1912 was placed in the hands of a Jackson county 
farmer, a2 member of the Michigan Crop Improvement Association, who 
planted it away from other rye, on an acre of ground. This yielded thirty- 
five bushels in 1913. Soon the whole country-side around Parma in western 
Jackson county, and around Albion in eastern Calhoun county grew Rosen 
rye as a winter crop, and little or no wheat. Other counties took it up and 
with the aid of the Michigan Crop Improvement Association and active 
county agricultural agents, the new rye spread rapidly. In 1917, St. Jo- 
seph county had 3,500 acres, Jackson county had 2,000 acres, and the whole 
state of Michigan, about 15,000 acres. Thus it took four more years for 
the new variety to attract the notice and confidence necessary to create 
a demand for pedigreed seed. In 1920, Michigan for the first time exceeded 
any other state in the Union in rye production. Without doubt the extensive 
planting of Rosen rye has had much to do in placing the state first in rye 
growing. 

RYE OPEN FERTILE. 


Rye is naturally a wind pollinated plant. The head contains four rows 
of flowers in groups of twos, on alternate sides of the flat end of the stem, 
called the rachis. Each of these flowers contains a one seeded ovary and three 
very large anthers. The anthers open at the end and shatter the pollen 
out into the air. This is normally done without allowing any of the pollen 
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Figure No. 2. The two heads in the center are Rosen rye. Common rye is shown at the left and 
a cross between common and Rosen at the right. In each case aside and an edge view is shown. 
Note the good filling of the Rosen in comparison with the common crossed rye. 


to fall back into the flower. Thus it happens that the flowers are normally 
cross pollinated. It is the pollen that is blown over from another plant 
that enters the flower and fertilizes the ovule. 

For this reason it happens that many flowers fail to be pollinated. Their 
own pollen is shoved out and blown away, the flowers are not open long 
enough to catch other pollen, or the small quantity of pollen, that enters, 
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fails to develop in such a manner as to fertilize the ovule. This is an im- 
portant matter as production depends upon the fertilization of the ovules. 
Many of the common ryes fail to fertilize more than half of the ovules, making 
an irregular poorly filled head. It is altogether different in wheat where 
the pollen is shattered inside the flowers and there is, therefore, an abund- 
ance for self-fertilization. 

Michigan rye varieties may be classified as common, Rosen, and the crosses 
between these two types. The ryes that were commonly grown before the 
Rosen rye was introduced are referred to as the common varieties. Figure 
2 shows the Rosen in the center, the common at the left and a frequent type 
of crossed rye at the right. Here one may see the large grains of the Rosen 
combined with the poor filling of the common rye. 

At first the Rosen rye frequently yielded twice asmuchasthe common. As 
the ryes were commonly planted side by side, they were inter-crossed, yield- 
ing grade ryes, ranging all the way from nearly pure Rosen to nearly pure 
common. Gradually the poorest producing seed has been eliminated, and 
now it is likely that about 85 per cent of the rye grown in Michigan is at 
least grade Rosen. 


TRUENESS TO TYPE. 


Because of the fact that rye is open fertile, the types and varieties are 
not so well distinguished as they are in wheat. In the case of wheat marked 
differences in the shape of the head, in the compactness of the flowers on 
the head, in the manner in which the kernels are covered by the chaff, in 
the color of the grain, and the type or length of the beards, would indicate 
another variety. Rye varieties are mixed in regard to most of these points 
and the variety depends more upon the proportion or per cent of these types 
to be found in the fieid than it does upon any one definite character. The 
notches on the rachis may be quite distant, causing the pairs of flowers to 
be scattered in the head. This usually produces a long slender head that, 
if fairly well filled, is quite attractive. Other heads may have such short 
joints on the rachis as to crowd the pairs of flowers from an upright to an in- 
clined position. This results in a compact, wide, flat head. The original 
Rosen rye was mostly of the latter type. 


VARIETIES. 


The varieties commonly grown in Michigan ten years ago were consid- 
erably variable in regard to most of these points, but they produced small 
kernels, on a poorly fertilized head, usually grown on a tall slender straw. 
If the land was fairly fertile the straw may be expected at maturity to be 
taller than the average man. The color of the grain varied from yellow and 
orange, to brown and black. The proportion of green kernels was low. 

On the other hand the Rosen rye has large kernels on a head that is gen- 
erally well filled. At least 70 per cent of the heads must have less than 10 
per cent of missing kernels if the field is to be passed as inspected Rosen rye. 
The Rosen straw is much shorter and stiffer than in the case of the common 
varieties. It is only the exceptional field that will produce straw as tall as 
the average man. The heads in a typical Rosen rye field must be nearly of 
the same height. Tall plants jetting up here and there (giving the surface 
of the field a ragged appearance) are one of the first indications that the field 
is mixed with commonrye. The color of the grain in mature Rosen is mostly 
a bluish green, and should not contain dark brown or smutty colored grains. 
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Those originate from common rye admixture. These are the points that 
must be considered in inspecting the farmers’ fields. 


CERTIFIED ROSEN RYE. 


The Michigan Crop Improvement Association began field and grain in- 
spection work in 1917, under the leadership of the association’s secretary. 
In the first year only five per cent of the Rosen rye acreage was considered 
pure enough for registration. This was due to the ordinary threshing prac- 
tices and the growing of common rye in adjoining fields. The other 95 per 
cent was sold as commercial Rosen. It was quoted on the Detroit market 
that year, and carloads became available to other states. 

The grain that was passed by the association’s inspection became certified 
and was sold under the shipping tags of the association. Thus pedigreed 
grain became available to the farmers of other states as well as to those of 
Michigan. As the result of this activity in war times when farmers were 
being urged to sow the best seed, approximately 250,000 acres of Rosen rye 
were sown in Michigan in the fall of 1917. 

The inspectors of the Michigan Crop Improvement Association began 
work in June 1918, and during the following month passed about 1000 acres. 
This acreage produced 22,349 bushels, a good yield when it is remembered 
that most of it grew on sandy soil, and that a yield of 15 bushels per acre 
was considered a high return before Rosen was distributed. Again under 
the stress of war conditions, the acreage was doubled in one year, as over 
500,000 acres of Rosen and high grade Rosen were sown in Michigan in the 
fall of 1918. Of this about 5,800 acres were grown from pedigreed seed. 

The 1919 inspection passed 468 acres yielding 10,563 bushels of pedigreed 
Rosen for seed in the fall of 1919. This area averaged 22.4 bushels per acre. 


SPREAD TO OTHER STATES. 


The growing of Rosen rye in other states began commercially as early 
as there was a supply. It has gone from farm to farm across the state line, 
into Indiana and Ohio, until the upper two rows of counties in Indiana have 
as much Rosen rye as the southern row of counties in Michigan. When 
carloads became available in 1917, the trade grew rapidly, increasing steadily 
since that year, and now several elevators and seed firms in Michigan count 
their sales of Rosen rye for seed in dozens of carloads annually. Much of 
this seed is purchased in sections where the rye is reasonably pure, but, un- 
fortunately comparatively few people seem to realize that rye cross-fertilizes. 
A great deal of the rye that is now sold as Rosen is very badly mixed. The 
results obtained with this commercial seed are frequently not equal to those 
obtained by the use of seed inspected in the field and bin by the Michigan 
Crop Improvement Association which co-operates with the Michigan Agri- 
cultural Experiment Station in maintaining high standards of purity. 


PEDIGREED ROSEN IN OTHER STATES. 


The extension of pedigreed Rosen into other states began in 1917, when 
the inspection work began, but the sales made by members of the Associ- 
ation were imperfectly recorded that year. However in 1918 and 1919, 
a fair proportion of these sales have been reported. The outline map figure 
3 shows the sales in 1918, and figure 4 shows the corresponding sales for 
1919. 
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BUS. OF PEDIGREED ROSEN RYE SOLD FROM MICHIGAN 
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Figure No. 3. The figures on this outline ma are bushels of pedizreed Rosen rye sold from Michigan 
in 1918 for seed purposes. 
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Fizure No. 4. This outline map gives the number of bushels of pedigreed Rosen rye sold from 
Michigan in 1919. 


EXPERIMENT STATION BULLETINS. 621 


But, as indicated above this is a very small portion of the seed sold as Rosen, 
as the commercial trade has assumed large proportions. The pedigreed seed, 
however, is the only seed of guaranteed purity, and is therefore the basis 
upon which this or other states must base opinion regarding the value of 
Rosen rye. 

The figures on the two maps should be carefully studied not to be mis- 
interpreted. In 1918 Illinois and Indiana were the largest purchasers of 
pedigreed Rosen rye outside of Michigan, yet it is probable that Michigan 
bought more pedigreed Rosen seed than all the other states combined. In 
1919, Michigan farmers bought less pedigreed Rosen seed than certain other 
states. The State of Washington bought almost twice as much pedigreed 
Rosen seed as Michigan itself did. To explain these facts one must remem- 
ber that pedigreed or high-grade Rosen is quite generally in the hands of 
Michigan farmers. They are simply planting their own seed. It is only 
the few who wish to replace their mixed seed with pedigreed that are now 
buying the pedigreed seed in Michigan. 

Several states obtained the pedigreed seed in 1917 and 1918 as well as 
1919 and should be growing quantities of pure Rosen rye for themselves. 
A report comes from Minnesota, where a man purchased the pedigreed 
Rosen seed from Michigan in 1918 and sold 3,000 bushels for seed in 1919. 
Others can do likewise. It is the more distant states, where a smaller sup- 
ply is available, that are purchasing increased amounts. 

At the International Grain and Hay Show given in connection with the 
International Stock Show at Chicago in December 1919, Rosen rye took 
first, second, fourth, fifth and in fact ten prizes out of the sixteen that were 
offered, and in 1920 it took the first 22 prizes. 


THE PLACE FOR RYE. 


Rye does not belong on every farm. It should be avoided by the wheat 
grower as it gets into the manure and requires a great deal of pulling to rid 
the wheat fields of it. It is particularly adapted to large areas of light sandy 
soil, and because of washing and leaching many of these soils should not be 
permitted to go through the fall and winter without growing a crop of some 
kind. Thus rye can be used to advantage on hundreds of Michigan farms 
to follow crops of corn and beans. For this purpose it should be sown as 
early as possible as the highest yields are obtained from September planting. 

In pre-Rosen days, rye was valuable mainly as a catch crop, and to sow 
on lands that were not suited to wheat. Few people thought of putting 
rye in as a regular crop, especially on the heavier soils. Rosen rye can be 
considered a regular crop, to be studied and treated as such. In the region 
around Parma in western Jackson county, Rosen rye has crowded out wheat, 
as the farmers of that section say that it is more profitable than wheat as a 
general crop. Each farmer needs to settle this matter for himself, but he 
should not grow wheat and rye on the same farm. 

It should not be forgotten that profitable rye crops come from (1) the 
use of fertilizers such as manure, acid phosphate; (2) a thoroughly pre- 
pared seed bed; (3) September or early October planting; (4) and the planting 
of pedigreed or high grade Rosen seed. The crop should be planted under 
the most favorable conditions, unless prevented by conditions beyond control. 

The best rate of seeding Rosen rye depends somewhat upon conditions. 
In the Parma district, farmers recommend the use of three pecks per acre 
of well cleaned seed, sown early, on a well prepared fertile seed bed. Those 
who do not have as good conditions must sow. more. At the College the 
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rate of seeding tests indicate that a bushel of seed per acre is the most pro- 
fitable rate of good seed to sow. 

The time of seeding tests at the College indicate that September 20th 
to October 10th is the best time to plant. The results are as follows: a 
plat that would yield at the estimated rate of 46 bushels per acre if planted 


Figure No. 5. A portion of a date of seeding test. The tall strips near the center and to the right 
of the picture were planted October 10th. Between these two, are three strips, one planted November 
21, 1918, and the other two in April, 1919. The spring plantings never headed out. 


September 25th, would yield 45 bushels if planted September 30th; 39 bushels 
if planted October 15th; 20 bushels if planted October 25th; 10 bushels if 
planted November 5th; 4 bushels if planted November 20th. Four spring 
plantings were made from Rosen rye. None of them headed out. This 
experiment shows that greatest success depends upon planting sufficiently 
early in the fall. 


DISTRIBUTION OF CERTIFIED ROSEN RYE BY THE MICHI- 
GAN CROP IMPROVEMENT ASSOCIATION.* 


The rapid increase in acreage of Rosen rye in Michigan has been due not 
only to the superior yielding qualities of this rye but to the fact that ample 
supplies of high grade seed, unmixed with common rye have been annually 
available from the Michigan Crop Improvement Association growers. 

The Michigan Crop Improvement Association is an organization of Michi- 
gan farmers particularly interested in increasing crop production through 
the use of superior varieties, best methods of cultivation and fertilization. 
This association may be joined by any farmer or seed grower of Michigan 
interested in crop improvement. 

Through the association, large increases of desirable varieties kept pure 
by careful inspection, are obtained in a relatively short time. Improved 


*By J. F. Cox, Head of the Farm Crops Section. 
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varieties, would in many instances rapidly become mixed with inferior strains 
were it not for the careful field, and threshed grain inspection system, which 
the association maintains. The rapid spread of Rosen rye, Red Rock wheat, 
Robust beans and other varieties, has been made possible largely through 
the Michigan Crop Improvement Association. 

Close co-operation exists between the Crop Improvement Association 
and the Farm Crops Department of the Michigan Agricultural Experiment 
Station. Improved strains, developed at the Experiment Station, are made 
available to members of the association for rapid increase under field con- 
ditions. The secretary of the association keeps a careful record of the origin 
and transfer of strains of improved crops. The association maintains a 
system of field and threshed grain inspection for members who are interested 
in commercial production of high quality grain for seed. Seed which passes 
the certification rules of the Board of Directors of the Association must be 
of very high standard and successfully passed upon in the field by inspectors, 
working under the direction of the Farm Crops Department, and must again 
pass careful inspection after threshing. The cost of certification is borne 
by the Crop Improvement Association. 

Arrangements have lately been made which insure the co-operation of the 
newly created Michigan State Farm Bureau Seed Department in the dis- 
tribution of seed guaranteed by the Crop Improvement Association. 


IMPROVEMENT BY HEAD SELECTION IN THE FIELD. 


Several of the most careful Rosen rye growers have been following the 
practice of selecting enough of the best heads in the field to plant a seed plat 
of one-half an acre or more in size. This seed plat is carefully isolated and, 
after further head selections for another year’s planting are made, it is har- 


Figure No. 6. A Jackson County Farmer’s Increase Plat of ‘‘Head Selected’’ Rosen Rye. 


vested separately and the seed used to plant a general field the following 
year. In 1921 three growers in lower Michigan have approximately 40 
acres of such head selection stock for distribution. It is markedly superior 
to ordinary certified rye. 
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All members of the Michigan Crop Improvement Association, who plant 
rye in the fall of 1921, will be required to secure their seed from head selected 
stock grown by these growers. All certified Rosen sold in 1922 will there- 
fore be only two generations removed from carefully selected Rosen. 


MANITOU ISLAND ROSEN. 


The entire acreage planted to rye on the South Manitou Island is now 
planted to certified Rosen. The South Manitou is an island of approxi- 
mately 7,000 acres, located 10 miles off shore directly west of the Leelanau 
Peninsula. From 70 to 120 acres of rye is grown annually on the island. 
For the past two years head selection work has been carried on by the Mich- 
igan Agricultural Experiment Station. 

During the coming fall the entire acreage of the island will be planted 
from seed two seasons removed from careful head selection. This year’s 
head selected plat will be increased on a 10-acre field and next year all who 
grow rye on the island will get their seed from this increase. This course 
will be followed for a number of years. 

Owing to the isolated position of the island it is easily possible to prevent 
common or other varieties of rye from being grown. 


Figure No. 7. The South Manitou Island off the shore of the Leelanau Peninsula. The 
entire rye acreage of this Island is now planted to selected Rosen rye, and will serve as a source 
of high-grade seed, produced under isolated conditions. 


Growers on the island have formed an island Chapter of the Michigan Crop 
Improvement Association. By careful head selection and field inspection 
it is expected that the South Manitou Island will furnish a source of excep- 
tionally pure, high yielding rye. 

The first prize offered for rye at the 1920 International Grain and Hay 
Show was won by a South Manitou Island rye grower. 
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POISONING FROM BACILLUS BOTULINUS 


Cause: Prevention; Treatment 
Circular Bulletin No. 47 


BY ZAE NORTHRUP WYANT, * BACTERIOLOGY SECTION 


Early History—Food poisoning from Bacillus botulinus has been known 
for a goodly number of years to be more or less prevalent both among human 
and animal kind. Allantiasis, or botulism—the name by which this type 
of poisoning is most commonly known—has been recognized by German 
physicians since the latter part of the 18th century, the first recorded case 
occurring in 1735. A serious outbreak occurred in Germany in 1793 from 
eating sausage which contained a great deal of blood. After this time the 
number of cases of botulism, so-called because the disease was produced 
from eating spoiled sausages, rapidly increased. Many sections of Germany 
were involved, official warnings failing to check their incidence. Several 
outbreaks of this ‘‘sausage—or meat—poisoning’’ were reported from Rus- 
sia, Austria, Hungary, Denmark, and France, and one each from England 
and Holland. : 


Botulism in America—In America comparatively few cases of botulism 
have been recognized but a survey of the reports of food poisoning during 
the past 25 years shows that there have been a number of cases, mostly 
in California, in which the symptoms are more or less indicative of this con- 
dition. It is probable that many cases of so-called ‘‘ptomain poisoning’’, 
in the past thought to be the common type of food poisoning, have actually 
been botulism. 


Botulism in Horses.—Among livestock botulism has probably been known 
for many years. In 1813 a fatal disease of horses termed ‘‘head disease’’ 
appeared in Germany. This affection spread through certain sections of 
Europe from 1824 to 1828 and was described as ‘ ‘fever of the nerves’’; later 
as ‘‘nervous sickness’’, and ‘‘Borna disease’’ from the fact that it was preva- 
lent around Borna (Germany). In the United States various names such 
as ‘ ‘cramp of the neck’’, ‘‘mad staggers’’, ‘ ‘sleepy staggers’ ’, ‘‘blind staggers’’, 
or simply ‘‘staggers’’, ‘‘cerebritis’’, ‘‘cerebrospinal meningitis’, ‘ ‘forage 
poisoning’’ and the like have been used to designate this disease in horses 
and mules. In some sections of the United States it is also called ‘‘pasture 
disease’’. 


In Cattle—Among cattle such other names have been applied to this dis- 
ease as ‘‘corn stalk disease’’ and ‘ ‘silage poisoning.”’ 


*Resigned June 30, 1921. Correspondence relating to this subject should be addressed to Bacterio- 
logical Section, East Lansing, Michigan. 
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In Chickens.—‘‘Limber neck’’ is the term applied to this disease in chick- 
ens. 
CAUSE. 


Ptomains and Toxins Contrasted.—Botulism is essentially a food poison- 
ing produced by a toxin, in contradistinction to ptomain poisoning. Ptomains, 
comparatively few of which are poisonous, are a part of the molecule of a 
protein food which has been attacked and broken down by microorganisms, 
or in the chemical laboratory. Toxins, on the other hand, come from the 
microbial cell itself. They cannot be produced in the chemical laboratory. 
They are a product of the living cell only. 


Toxin Absorbed from Alimentary Tract.—Botulism is caused by the 
presence in and absorption from the alimentary tract (of both humans and 
animals) of toxin produced by bacillus botulinus, a large anaerobic, spore- 
forming bacillus. 


Toxin Produced in Food.—‘ ‘How does the toxin of B. botulinus get into 
the alimentary tract?’’ is a question arising next. When this bacillus grows 
in suitable food under suitable environmental conditions such as proper 
temperature and lack of air, this toxin is produced. Whether food poisoning 
is produced or not depends upon whether this particular food is eaten, and 
the severity or fatality of the poisoning depends upon the amount or viru- 
lence of the toxin present. The toxin of B. botulinus is unique in that it is 
so far as is known, the only true toxin which is absorbed through the in- 
testinal walls. This is an important factor in the causation of intoxication 
from this source. Toxins of the tetanus and diphtheria bacillus, on the other 
hand, have beer shown seldom to survive the biochemical activities in the 
digestive tract. 


Temperature Favorable for Toxin Production.—Another difference be- 
tween the well known toxins just mentioned and that of B. botulinus is, 
that under conditions where the former toxins are ordinarily dangerous to 
health they are produced by their respective organisms inside the animal 
body, at body temperature (about 37.°C.). The B. botulinus toxin, to the 
contrary, is produced perhaps most frequently, outszde the animal body at 
temperatures considerably below body temperature, e. g., 20-22°C. 


Food Stuffs Favorable for Toxin Production.—Another, and perhaps a 
more important factor in the causation of botulism is that B. botulinus ap- 
pears to be able to grow and produce its toxin in a wide variety of food stuffs, 
both animal and human, not only under anaerobic but under apparently 
aerobie conditions. Upon consulting many late text books, it will be noted 
that the findings of van Ermengem who discovered B. botulinus in 1893 are 
taken apparently as the last word on the subject. Modern researches have 
shown that in this as well as in similar cases, this ‘‘habit’’ which many authors 
have of repeating the statements of previous writers without experimental 
proof of their correctness, is reprehensible. It has been found, for instance, 
that the germ producing this particular type of food poisoning can grow not 
only in sausage, and other meat products, but in canned vegetables and even 
in canned fruits; that the acid of certain vegetables and fruits is apparently 
not as inhibitive to the growth of B. botulinus as has been stated heretofore; 
and that not uncommonly, it seems to grow in silage in the apparently aerobic 
portions of the silo, most probably in association with molds and other mi- 
croorganisms found in the silage. 
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PREVENTION. 


Effect of Heat on B. botulinus Spores.—A very false sense of security is 
given by various text books due to the fact that van Ermengen’s statements 
with regard to the low thermal death point of the spores of B. botulinus have 
been copied without proper qualifications. These statements are to the 
effect that the spores of B. botulinus are easily killed by heating at 80°C. 
(176°F.) for 60 minutes. 


Ordinary Canning Methods Not Effective.—If these statements were 
true of all strains of this organism, the amcunt of heat applied in any one 
of the four well recognized methods of canning would be sufficient to de- 
stroy the spores: (1) hot pack or open kettle; (2) cold pack, hot water bath 
or steam; (3) intermittent sterilization; (4) pressure canning. Experiments 
by various investigators in different parts of the United States, however, show 
tha! the spores of most all strains will resis! much higher temperatures than 
80°C. for a considerable length of time. Burke of California (1918) found that 
spores of certain strains of B. botulinus would withstand 100°C. (212°F.) 
for 314 hours, and in the foam which gathers on the side of the kettle they 
may live for a much longer period. One period of heating in boiling water 
for five hours or less will not sterilize the contents of jars if they are contam- 
inated with the more resistant spores of this bacillus. She found that be- 
cause of the much delayed germination of spores due to heat injury, fractional 
or intermittent sterilization on three successive days is of doubtful value since 
the spores do not develop before the third heating period. Even pressure 
canning cannot be considered safe if a pressure of 5, 10 or 15 pounds is applied 
for only 10 minutes. A comparatively long sterilization period must be used. 


Effect of Protein, Acid and Sugar on Spores.—Experiments were also 
performed at the University of California (1919) which showed (1) that the 
spores of B. botulinus when mixed with animal or vegetable protein are much 
more resistant to heat than has been believed. (2) When lemon juice (5 to 
7 oz. per gallon of vegetable) is added, the thermal death point (killing tem- 
perature) is markedly lowered when heat is applied. (3) Cane sugar in con- 
centrations up to 64 per cent does not prevent the growth or toxin produc- 
tion of B. botulinus although both are inhibited to a certain extent, and (4) 
in connection with this, the particular fruits tested which had been canned 
in sugar syrup were suitable as a food for this organism. (5) Certain technic 
of the canning method of commercial as well as of home canners may be 
inefficient if the raw material happens to be contaminated with the spores of 
B. botulinus, for example, the degree of heat used in processing may not be 
" applied sufficiently long to reach the center of the cans at all, or for an effec- 
tive period. 


Why We Fail to Prevent Botulism.—lIt is very evident that it would be 
quite impractical to think of preserving poultry or stock-foods in the man- 
ner used for human foods. The solution of prevention of botulism in both 
types of food then apparently lies in preventing the original contamination. 
Our knowledge, however, of the habitat of B. botulinus in nature is so lim- 
ited that the preventive measures we take are not sufficiently exhaustive. 
If B. botulinus could be wholly prevented from gaining entrance to or de- 
veloping upon food, botulism would not occur. Thus it is seen that lack 
of wide human knowledge, combined with human failings where knowledge 
is present, are responsible for many of the outbreaks of botulism. 
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Habitat of B. botulinus—A brief review of the various places where B. 
botulinus has been found should be of interest in this connection. Burke of 
California has done considerable work in attempting to locate in what types 
of material this bacillus may be found. She concludes that this organism is 
widely distributed in nature; that it seems to occur in the vicinity of the hab- 
itations of man; that it may be present in the garden and thus be on the fruits 
or vegetables when picked, whether they are decayed or sound; that spiders 
or small insects may aid in distributing this organism in the garden; that it 
may be harbored in the intestinal tract of an animal for at least four months 
after contaminated food is eaten. Van Ermengen (1895) never succeeded 
in finding the bacillus in anything except two speciments of ham which had 
caused poisoning in humans, although he searched for it in various kinds of 
soils and manures, mud from ponds and rivers, and the like. Kempner and 
Pollack (1897) found B. botulinus in the intestinal contents of a ‘‘normal’’ 
hog. This was the only recorded case of the isolation of B. botulinus from 
nature until Burke’s findings. 


Boiling Food Destroys Toxin but Not Spores.—Along with preventive 
measures one which has been given most publicity within the last two years 
is that boiling any food suspected of containing the toxin of B. botulinus de- 
stroys the toxin if present and thus entirely prevents the likelihood of botu- 
lism ever occurring from the eating of this particular food. A very recent 
publication from the Bureau of Chemistry, however, indicates very strongly 
that, if B. botulinus is present in any food, the short heating given it to de- 
stroy the toxin is not sufficient to kill the spores, and if a large enough num- 
ber of the spores of this bacillus is present in the food, botulism may result 
just the same, the symptoms only being delayed, due to the time it would 
take for the spores to germinate and for a sufficient number of bacterial cells 
and consequently toxin to form. This was proved to be the case with ex- 
perimental animals. Botulinus toxin is now known to be produced at body 
temperature as well as at lower temperature, contrary to the belief of a few 
years ago. 


Don’t Heat and Eat Spoiled Food, Destroy It—As the above statement 
from the Bureau of Chemistry seems to have adequate experimental proof 
it seems very unwise to continue to recommend that food which seems a 
little ‘‘off??’ may be safely eaten when heated. Rather it seems best to ad- 
vocate the destruction of such food by burning, and not merely getting rid 
of it by feeding it to chickens or pigs, or even by burying it. 


The Question of Odor.—A word may not be amiss here with regard to 
whether or not there may be an offensive odor present in food containing 
Bb. botulinus. Sufficient observations and experiments have been made to 
enable the statement to be made that not in all cases has the food (human 
or stock) had an offensive odor when this germ and its toxin were found to 
be present. In fact, authorities disagree at present as to whether the germ 
of botulism ever causes the production of a disagreeable odor in foods. The 
fact remains, however, that many of the foods which have proved to be toxic 
and to contain this bacillus have had a more or less definitely offensive odor. 


Train the Eye to Detect Spoilage-—The nose alone should not be relied 
on to detect spoilage. The eye can detect spoilage in canned goods. For 
instance, a tin can may have one or both heads swelled; a glass can may 
have a bulged lid, or may show signs of leakage, of gas bubbles in the can, 
of a light colored sediment, of disintegration of the food product, and upon 
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opening, absence of vacuum, or spurting liquid showing gas pressure. These 
signs of spoilage may be indicative of the presence of B. botulinus. 


Never Taste Questionable Food.—If the eye or nose condemns the food, 
the sense of taste should never be used. Many of the fatal cases of botulism 
were of persons who just tasted the food to see if it was all right. 


TREATMENT 


Two Distinct Types of Botulinus Toxin.—So far nothing has been said 
to indicate whether all strains of B. botulinus are alike. The workers at 
the University of California may be given the credit for discovering that there 
are at least two distinct strains of this bacillus depending on the type of 
toxin produced. They have designated these strains as B, botulinus, Type 
A, and B. botulinus Type B. 


Why Botulinus Antitoxin Has Failed.—It is a well known fact that when 
a certain amount of diphtheria antitoxin is injected into an animal it protects 
the animal against a definite dose of diphtheria toxin; the same is also true in 
the case of tetanus toxin and antitoxin. It is not possible, however, to pro- 
tect an animal against tetanus toxin by injecting any amount, however large, 
of diphtheria antitoxin. The toxin produced by the type A botulinus bacillus 
is not the same as that of the type B organism, and further, the antitoxin of 
type A bacillus will not protect against the toxin of the type B bacillus or 
vice versa. This peculiar fact has been proved experimentally and explains 
many of the failures when attempts have been made to prevent or alleviate 
the intoxication in humans poisoned by the toxin of this bacillus; the wrong 
type of antitoxin was used. 


The Value of Polyvalent Antitoxin.—Hence if anyone is suffering from 
suspected botulism, sufficient of a mixture of the two types of antitoxin, or 
as it is termed a ‘‘polyvalent’’ botulinus antoxin, should be given in order 
to be certain of neutralizing, or counteracting the effect of whichever toxin 
is present. 


No Cure for Botulism, Symptoms Occur Too Late.—So far as is known, 
no medicine is of any value in the treatment of this disease. As the symp- 
toms are a result of the action of the toxin on certain portions of the nervous 
system it is very evident that some time must have elapsed before symptoms 
appeared and no medicine could then be of avail, if administered by way 
of the mouth, or even if injected. When symptoms begin to show it is gen- 
erally too late to do more than give a therapeutic dose of a specific or of a 
polyvalent botulinus antitoxin. 


Preventive Measures in Canning.—The prevention of botulism in human 
foods then rests upon the housewife or the commercial canners; first, upon 
the cleanliness in the preparation of the food from garden to can; second, 
upon employing sufficient heat in processing to destroy the spores of the 
most resistant bacteria which may be present; third, taking particular pains 
to seal each can immediately after sterilization and store in as cool a place 
as possible. 


In Preparing Meals.—The one who prepares the meals must be looking out 
to prevent botulism by a careful appraisal of all canned goods before and 
after opening, with the sense of sight and smell only, not with the sense of 
taste, especially if anything seems wrong with the can contents. These 
precautions should not be limited to canned goods, however, since it will 
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be remembered that sausage and other forms of meat not canned have also 
at times been contaminated with B. botulinus. 


Moldy Silage Suspicious.—In the case of live stock, the one who has charge 
of feeding them, with silage especially, should look with suspicion upon moldy 
portions. Neither molds not their products have been proved to be poison- 
ous, but, because of the possibility of the presence and growth of B. botulinus 
under such conditions, spoiled silage should be fed with great caution. How- 
ever, other feeds, such as hay and grain, which have been found to be con- 
taminated at times, appeared perfectly normal. 


Necessity of Further Experimentation.—Thus it is very evident that more 
exhaustive experiments should be performed in the preparation of human 
foods in order to revise the time and temperature tables for processing canned 
goods of all sorts, in all kinds and sizes of containers, and in the handling 
and preparation of stock foods, so that the possibility of spoilage from organ- 
isms of the botulinus type may be reduced to a minimum. 


Modern Canning Factory Methods Safe-—The modern canning factory 
in Michigan as well as in other states is, at the present time, putting up the 
various food products in a sanitary, safe and economic manner and in ad- 
dition, maintains a rigid inspection service which serves to eliminate prac- 
tically all spoilage among canned foods on the market. This means then 
that the house wife need not hesitate in buying foods canned in any up-to- 
date factory. The canner has at stake not only his reputation but his profits 
and thus for a selfish reason if no other, he is obliged to eliminate to the best 
of his ability losses from all sources. 
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